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L ;' INTRODUCTION

! During the past year the Laser Kinetics Branch has been studying the BjII - Xfl]
transition in nitrogen—sulfide. We have been particularly interested in this transition

e
because we think the B states 1z second lifetime and large Franck—-Condon shift make it a
good short wavelength chemical laser candidate. As part of our study we have determined
the rotational and vibrational populations of the excited molecule produced in an S+N3 »
NS(B) + Na reaction. 'To do this accurately it was necessary to write a spectrum code.
This document outlines the theory, explains how to run, and provides a listing of the
spectrum code and accompanying files. 1t should be noted that even though this code was
written specificaily for the NS(B2I1) = NS(X2) transition, it is casily modified to do a
variety of other molecules and transitions. - » o~
II.  NSSPECTRUM CODRE THEORY
The code is based on the quantum mechanics of Schrodinger. In the next few pages,

I'il outline the most significant relations leading up to the electronic~ro-vibrational

intensity relation which gives the intensity of a spectrum line as a function ol wavelength.

The perturbed Schirddinger equation is given by.

Egﬁ[%fﬁ;g+%—+%2]+%§3(3—wx+wx=0 2.1)
where my is the mass of the kth particle, y is the wave function; Xy, Yy, Zx are the
coordinates of the kth particle, I is the total energy, V is the potential energy, and wy is
the perturbing term.  The interaction of an electromagnetic wave (with an clectric vector
l“)) with an atomic system can be approximated as the interaction of I with the dipole
moment (1\71) of the atomic system. This interaction enters into Equation 2.1 as w = fE-lCd,
where M has components Mg=¥ex Xk, My=Yek Yy, M,=YexZy, and ek is the change on the
kth particle.

In solving the Schrédinger equation for an electromagnetically disturbed atomic

system, Pauling and Wilson! found that if the systcin was originally in a state of energy,
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Ey, there is a non—zero probability of finding it in a state of energy, kg, if the emission of a
photon of energy hervyn = By — By is allowed. Specifically, the probability of a transition
between two states n and m is proportional to the square of the matrix elements of the {
clectric dipole moment (Riim),

The components of TiAm are defined as follows:

Rxnm = fxn*h"medT, (22)
R.ynm = fX"*Mmedr, (23)
l{znm = f,\'ﬂ*MZ,\/de’ (2.4)

where xa, xm are the cigenfunctions of the two states, and the integral is over the total

configuration space.?

The intensity of a spectral line for a transition from state xn to xm is given by:

Lew™™ = NyherumA i, (2.5)
where Ny, is the number of atoms or molecules in the initial state, hevyg = Eg—=Ey = cnergy
emitted in transition, Auy is the Einstein transition probability of spontaneous emission
and according to wave mechanics is related to the matrix clements of the electric dipole
moment (as was previously shown for stimulated emission) as follows:

3 =
Ann = 913?—/&"‘— | Rom|2 for non—degenerate levels.

_ 64mtyg3 Y fl“'"‘k LI . wenerate :
Aup = AT Von? J—q;—l for levels that are d, fold degencrate, (2.6)

Combining Equations (2.5) and (2.6) gives the intensity of the spectrum line in
emission as:

lem"m . 64 N“ ll]culln|4 2 ]{,::’mk 2 (.2.7)

However, our experimental detectors only count the nwmber of photons in a given

frequency range. The number of counts at a given frequency can be obtained by dividing




Equation (2.7) by the energy associated with each photon at that frequency. Doing this

yields the photon count as a function of frequency:

64 1 ) Ru ymt2
lom . nm = N 3 ! .
emc TR e Vnm ‘l‘—(‘rp.*“ (2 8)

The number of molecules, Ny, in the initial state depend on the electronic,
vibrational, and rotational levels available, as well as the cnergy required to populate each
level. In the following, we will determine the energy required to populate a given
clectronic—ro—vibrational state as well as the levels available. For equilibrium systems we
know these states to be populated according to a Boltzmann distribution. This gives the
number of molecules in each state once we know the total energy available to the system.
IL1. DETERMINATION O ENERGY LEVELS

We kunow that the energy of a molecule is due to the motion of the electrons about
the nuclei (clectronic energy), vibration of the nuclei (vibrational energy), and rotation of
the nuclei about the center of mass (rotational eunergy). We first will consider the
rotational cnergy. If we approximate the molecule as a rigid rotator and substitute
m=py= %—%3 and V = 0 into the Shrédinger equation (Equation 2.1), we obtain a
solution for the rotational energy levels:

E_] _ h2.7lr§.1+l! ’ (2.9)
where My, Ma are the nuclear masscs, and 1 is the moment of inertia of the rotator; J refers
to the rotational level in question.

Now in spectroscopy it is customary and convenicnt to write all energies in terms of
wave numbers. The wave number is obtained by dividing the energy by L. So, in wave

numbers Equation (2.9) becomes
E
w2 =) = MU = g 141 (em) (2.10)
B= g?a is called the rotational constant. ‘T'he wave number (or energy) associated

with a transition from one rotational level to another is:




v=F(" -F(J"), (2.11)
where ' always relers to the upper rotational level and J" refers to the lower.

It is well known that molecules not only rotate about their center of mass, the nuclei
vibrate with respect to one another. For a diatomic molecule, the molecule vibrates along
an imaginary line joining them and passing through their respective centers. The
coulombic force holding the nuclei together goes as —kx. The potential energy associated
with this is V = %ﬁ or that of a harmonic oscillator. If one substitutes this into the
Schrodinger equation and solves for the energies of the vibrational levels, the following
wave numbers (or energics) are obtained:

BV = vy =w(v+ ), (2.12)
where w refers to the fundamental frequency of vibration between the nuclei, and v
corresponds to the allowed vibrational levels. The wave number associated with a
transition from one vibrational level to another is:

v=G(v') - G(v"), (2.13)
where v' refers to the upper vibrational level and v" refers to the lower level.

Of course the surn of potential energy of the nuclei and the electronic energy of the
clectrons forms the potential well in which the nuclei carry out their vibrations. It turns
out that this potential well is harnnonic to first order (very small amplitude vibrations
about the cquilibrium displacement between the nuclei) but is anharmonic if larger

displacements from equilibrium are considered. This anharmonic effect can be taken into

. )
account by using a potential of the form (instead of V = l‘," ):
(x2
=B g, (2.14)
where x = [Ty [, 18 the equilibrium separation of the nuclei, and g is much smaller than

k/2. If this potential is substituted into the Schddinger equation, the following

anharmonic—oscillator wave numbers (energies) are obtained:

BY = G(v) = w(v+1/2) = wpx (vH1/2)2 + 0 Y (vH1/2)3 + . (2.15)




Previously, we considered the rotational energies of a molecule on the basis of it
being a rigid rotator. It is quite obvious that if the molecule is vibrating it is not rigid. In
a rather involved wave mechanical calculation, Pauling and Wilson! show that if one takes
into account the molecular vibrations or rotations the following wave numbers for a given

rotational (J) and vibrational (v) level are given:

Fo(d) = Bed(J+1) = DJ2(J+1)2 (2.16)
where By = Be = ae(v+1/2), (2.17)
Dy = De + Be(v+1/2), (2.18)
N h . ~
= see lqua 2. 218
B, W (see Equation 2.10), (2.19)
De = —“Jf? (2.20)

ae and Je arc much smaller than B, and De respectively.

Finally, we counsider the clectronic energy states associated with the clectrons about
the nuclei. This cnergy is obtained by considering the clectrons interacting with cach other
and the nuclei. There is no exact solution of the Schodinger equation for these. One can
estimate the energies of cach level for a given molecule using the Born-Oppenheimer
approximation.3 However, in practice the electronic energies are observed spectroscopically
and used to give the base energy ol cach electronic level.  In terms of wave numbers this
energy is given by:

Te="T, + AAY, (2.21)
where T, represents the encrgy ol the electronic state (base energy) neglecting encrgy
splitting of levels due to electron spin, A is the spin orbit coupling constant, A represents
the componeni of electronic orbital angular momentum along the internuclear axis, and ¥ is
the sum of electron spins for the molecule.

If the clectronic orbital angular momentum is given by a vector [, with magnitude
[,:|f,| then the allowed quantum numbers representing the component of electronic

angular momentum along the internuclear axis are given by:




A=0,1,2 ...,L (2.22)
One should note that A =0, 1, 2, ... corresponds to the molecular state designation X, II,
A, ... (c.g., NS(B2II) refers to nitrogen sulfide in a state with A = 1). T, in equation (2.21)
above is also a function of A.

If the total electron spin associated with the molecule is $ and the magnitude of, this
spin is given by S = lé], then S will precess about the field direction (in this case the
internuclear axis) with a constant component YX(h/27). Quantum theory allows the
following values of £ = S, §-1, ... -S. (2.23)
The total number of ¥ values for a given S from Equation (2.23) is given by:

M=2S+1, (2.24)
where M is called the multiplicity of the state. The multiplet structure observed in
electronic bands is due to the electron spin and the slightly different cnergy levels
corresponding to the different electron spins given in Equation (2.23). The clectronic
energy of the multiplet is given by Fquation (2.21). Note that if A = 0 for a ¥ state, there
can be no spin related splitting or multiplet structures. This is because when A = 0 there
is zero orbital angular momentuin of the clectrons and therefore no axial magnetic field.
Since this ficld causes the spin splitting there can be no splitting even if there is a non-zero
multiplicity. So, a %5 state has a multiplicity of M=2, but because A=0 there is no
multiplet splitting.

The component of the total angular momentumm of the electrons along the
internuclear axis is given by:

Q=|A+3Y|. (2.25)

This plus the quantum number for rotation (call it N) of the nuclei gives the resultant total
angular momentum J. 1f the interaction of the electronic motion and the nuclear rotation
is small, but the electronic motion is strongly coupled to the line joining the nuclei, Q is

well defined. This is typically referred to as a llund's case a.  There arc a

6




variety of cases (sce Hertzberg); however, for NS Hund's case a applies. So, combining all
the cnergy (wave number) terms for a molccule we obtain the following sum:

Bl = 7, + G(V) + F(J) (2.26)
The wave number associated with the emission of a photon or the transition from one state
(n) to another () is given by:

%g—' = vy = Te' = Te" + G(v') = G(v") + F(J") = I°(J")

From Equations (2.15-2.20), this becomes:

Vom = Te'=Te" + we' (V' +1/2)-we' ve' (V' +1/2)2=we" (V" +1/2)twe" xe" (V"' +1/2)2+...

+ By (') - DI 02BN DEDGIRI )2+ (2.27)
This corresponds to the wave number of the emitted photon if the transition is allowed.
Using quantum mechanics it is straightforward to show that molecular transitions from one
particular state to another are generally allowed il

Al = J'-3" =0, £l (2.28)
and for Hund's case a:

AN = A'-A" =0, ] (2.29)

AY = Y- = 0. (2.30)
Note that Av = v'=v" is not restricted in any way.

So, if we apply this to the proposed NS(B2IT) ~ NS(X211) transition, we first note that
since the upper and lower states are 2[I's, A=1 for both and AA=0.  Since
M=multiplicity=25+1=2 = S=1/2 or ¥=#1/2. So, Q=|A+X]|=1/2,3/2. llowever, since
AY=0 in Hund's case a the possible electronic transitions are restricted to the following:

B211 /5 - X2/ and B2l13/ - X213/,
where 2 has been written as the subscript on the 1I (orbital angular momentum
corresponding to A=1).

Keeping in mind that AJ=0,21 in Fquation (2.27), one can represent the possible

transitions for the NS(B2I1)-NS(X2I1) graphically (see Fig. 1). Ry, Qy, Py correspond to
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the branches with AJs of +1, 0, =1 respectively for the 2I1,/,-2[1;/2 transitions. Ro, Qg, Py

correspond to AlJs of +1, 0, -1 respectively for the 2I13/9-2113/5 transitions.

11.2. POPULATION OF ENERGY LEVELS

Up to this point we have considered the electronic, rotational and vibrational energy
levels available to a molecule. We have also considered the allowed transitions from one
state to another. Since we have determined the energy levels available we now need to
figure how many molecules populate any given level. Often in nature, systems exist in
states of thermal cquilibriumn. This is typically true of the molecules we study. For this
reason we first consider obtaining the populations of electronic-ro-vibrational energy levels
for molecules in thermal equilibrium.

Electronic Distribution Function

First, we consider the electronic distribution function for a doublet state in thermal
cquilibrium (we consider doublets because of the doublet NS transitions). For a doublet
state in equilibrium the number of molecules in the upper electronic state with a given  is
given by (we are interested in the upper state because we want Lo produce an emission
spectrum) a Boltzmann distribution:

=€ 1y
Npa = Dl‘e—e_ﬂég‘l— (2.31)
Ye "0/ E
where €0 is the energy in wave numbers of the diffcrent clectronic levels associated with
different values of Q (with €pigp = 0). Min is the minimum § value and k = .695

cm!/okelvin. For NS we have
N o N2 KTy N
R T N T

(2.32)

and with €pin = €/2 = 0, €3/2 = 90, k’l‘,, = 200 ¢! at room temperature, where TE =

J00ck = the clectronic temperature.

9




NE ]/2 = N(.61)
_.G
= Ne "s/2 /KT _ n(.3893)
—€ n
Le “l/kTy,
So, for NS in the B state the 2=1/2 level has 5/3 the population of the 2=3/2 level.

Ng 3/2

Vibrational Distribution Function

For vibrational levels in thermal equilibrium the population of the different energy
levels is given very accurately by a Boltzmann distribution. The number of molecules in a
given vibrational level is

L= g_v o ~Go(v)he/KTy (2.33)

where Qy = 14¢ Gollhe/kTv (2.34)

= state sum,

Go(v) = G(v) - G(0), (2.35)

Ty = the vibrational temperature.
It should be noted that if we are concerned with emission, Gy(v) and Ny correspond to the
upper state. The G(v) above is given by Equation (2.15).
Rotational Distribution Function

The number of molecules found in a given rotational cnergy level in thermal
equilibrium is given by a Boltzmann distribution function times the degeneracy of the level

which is usually 2J41. This is because, for a given cnergy each of 2J+1 degenerate levels

may be populated. The number of molecules in a given J level is given by:
_ N (23+1) g FUIRe/KT

N, r , (2.36)
where F(J) is given by Equation (2.16),
Qr =1 + 3¢ FDhe/kTr | g F(2)he/kTr | (2.37)

T, = the rotational temperature.
Now F(J), to good approximation, can often be sct equal to:

F(J) = B, J(J+1).

10




If this is substituted into (2.36) and (2.37),
-2Byhe/kT

Qr=1+3e¢ e 4 5o 0Bvhe/KTe | (2.38)
~ II%T% for large T, and small By, which is usually the case. (2.39)

v
T, is usually greater than 300°K and By is about .6 for NS. This makes (2.39) a good
approximation. This implies that

~ByJ(J+1) h(/l\lr
NheBy (2J+41)e .
NJ ~ .KT}_ (2.40)

At this point we are in a position to fairly accurately define Ny of Isquation (2.8) by using
(2.31), (2.33) and (2.36):

Nn X NIﬂQ|N N
N , ::Nc—esz /k]‘e.C_Gu(v')hc/kT‘" . ] ()l'+l) ‘S\K](] +1 h(/l\[r
t T ne €K Q' T,
4
n' of course corresponds to the upper state with Q', J', v

I1.3. ELECTRONIC-RO-VIBRATIONAL INTENSITY (COUNT) FUNCTION

(2.41)

We almost have everything we need to define Equation (2.8) for the NS molecule.
Nu of (2.8) is given by Fquation (2.41), van of (2.8) is given by (2.27). d,, of (2.8) is cqual
to the degeneracy of the levels which is 241, In the literature

B Rogm|2 = |Re'y" |28 )00~ Re? qo'v" S 1, (2.42)
where the Rv'v" is the part of the transition probability depending on the electronic and
vibrational eigenfunctions and S Jrn is the part of the line strength that depends on J (the

total angular momentuin) and is called the Honl-London factor.4 In the {ollowing we will

show how Rv'v" ~ fle? qv'v" and define all terms.  The clectronic and vibrational part of
the eigenfunction can be written as:

X = XeXv- (2.43)
'The probability of a transition between two different (as shown in Fquation (2.24))

electronic-vibrational states is given by:

11




|R)2 = | f x'Mxdr|2 (2.44)
The only parts of the electric moment M that can contribute to R are those that depend on
the coordinates of the electrons. Rewriting (2.44) and substituting (2.43) with this in mind
gives:

R= fl\7le Xo* Xy *Xo Xy 47 (2.45)

= Jxeg xgdre e

where x", X"; correspond to the vibrations of the nuclei along r and therefore only
contribute along r, Mc and Xe depend on the electronic coordinates only and contribute
accordingly.

The first integral

Re = f Xe'*Mexe"(lre , (2.46)
is called the electronic transition moment. This transition moment depends only slightly
on the internuclear separation of the nuclei, For this reason f{e is often approximated by

its average value over a transition:

Re ~ Re (2.47)*

The sccond integral of (2.45) is called the overlap integral. It basically states that a
transition is more probable if the wave functions simultaneously have large values for the
two vibrational states at a given internuclear separation.  This embodies the
Franck—Condon principle. As a result the overlap integral is often written in this way:

Iva'*Xv"drP = qv'v", (2.48)
where q,'y" is the Franck—Condon factor.
Note, sometimes one must include the variation ﬁ.e(i‘) with © to accurately model the
spectrum. This happens to be the case for NS. As a function of the r—centroids (fv. v..) of
the molecule Re is given by:5

Re = |Re(F)| = Const.(~1+1.767F,'y" ~ 1.03772,'y" + .202 F3,',") (2.49)

where 1',," is the average separation of the nuclei for the ' to " transition.
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Now, all the terms are defined necessary to give the intensity of a spectral line for an
clectronic~ro~vibrational transition from onc state to another in equilibrium. Substituting

(2.41, 42) into 2.8 we have:

Nv term NV term
PN ‘. — ~,
IJlVII _()471'4N C“esl/krl\l“ e—(lo(v )h (,/kl\:
J”V”S) - 3]1 . __:E____i . Q\,'
Z(;A} {/ k,l‘l'\
N j term
PR
BV'C—BV'J' ( J '+1 )]lC/kTr
. T
. 1»"‘1{,0'1(1\,'\,"8']. i (2.50)

For NS, we first used Equation (2.50) to obtain the equilibrium synthetic spectrum at high
pressures. The synthetic spectrum closely matched the experimental spectrum.

The low pressure cases (<2 Torr) had non—cquilibrium rotational and vibrational
distributions. We substituted our guesses for the distributions (Ny + N terms in (2.50)
into the code until the synthetic spectrum matched the experimental spectrum.  In this
way we determined the non—equilibrium vibrational and rotational population distributions
of the experimental spectrum. Such a comparison is shown in Figure 2, in which the
relative populations of the vibrational levels v! = 0-6 (for B21l;/y — X2I1;/2 and B2[13/ -
X2[13/9 transitions) are given. The NJ term is given in FUNCTION X1 of the code, run at
a rotational temperature of 1400°K.

[1I. HOW TO RUN THE CODE

To run the NS(B2IT) — NS(X211) spectrum code one necds to first get in the directory
where it resides. It is stored there along with files filled with Franck—Condon factors
(FRANK.CON), Dunham coefficients (DUNHAM.COF), r—centroids
(RCENTROID.DA'L), the population weights (POPLTN.WT), file of data file names
(FILE.OMA), and the experimental data files (named in FILE.OMA). These files must be

present when running the program.
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First one must login to the VAX as follows:
C W

USER: LAWCONNELL

PASSWORD: *** | sce Captain Lawconnell.
Then default the directory to ASPECTRUM by typing:

Sd.ASPECTRUM
Assuming all the Dunham coefficients, Franck—Condon factors, etc., mentioned above are
available, all one need do is type:

RUN SPNS
This activates the executable code found in file SPNS.EXE. The program is interactive
and the input required is self-explanatory. The user will bc‘ asked to input the device on
which to plot the spectrum, the spectrum title, the rotational and vibrational temperature,
whether it is desired to plot experimental data versus the theory, etc. If one wishes to
input non-equilibrium population weights {or the upper state vibrational levels, this is
done by modifying the file POPLTN.WT and specifying that a non-equilibrium
distribution is required when asked while doing the input.

There is a file called INPUT.DAT that saves all the input parameters. If one is
running a variety of cases that are similar this file will be accessed to give the input. The
code prompts for any new changes. In addition the code produces three output files: 1)
CHECK.OUT which contains the vibrational transition lines — and other information that
indicates whether or not all is well with the run, 2) OUTPUT.SPEC which contains a list
of intensities versus wavelength and 3) the plot file (as specified by the user).

Most features of the code are documented internally. The file structure for the
various data files mentioned earlier can easily be determined by examining the respective

read statements in the code. This also applies to the output files.
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If one needs to transfer data from the OMA to the VAX one way to do it is to take a
floppy of the data (DOS format) and use a PC along with KERMIT to transfer the data.
The procedure for this is outlined helow:

Type:

7S
KERMIT
SERVER
Hit the <ALT> key
Type:
K
S (to send)
A*xx
*.*
F (to finish)
If the procedure failed start over by typing:
<ALT>
EXIT
VAX
EXIT
and then start with the KERMIT command and proceed as hefore.

Finally, if one needs to modify the code to do some problem of interest it is necessary
to know how the previously presented equations relate to the code.  If we start at the top,
the first routine encountered is the program driver. In it are documented all the references
used in writing the code and for producing the input files. 'The program driver is
responsible for the program flow from plot driver initialization, through the spectrum

generation, to the output of the spectrum.
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The next routine is called SUBROUTINE INPUT. It reads in the experimentally
derived Dunham coefficients. Dunham's equation combines Equations (2.15-21) into one
equation:

T =5y Yy(v+l /2y Ha+1) (2.51)
where the Ylj are the Dunham coefficients. From Equation (2.15-21) it is easily

determined that the Dunham coefficients correspond to:

’-— e e m—, amaes et m— e

) Y()o = Te Y01 = Be ; Y02 = —-De
Y0 = we Y1 = —ae |

l o

| lzo_—_-ﬂe)(e_ o |

These are the values found in tl;-ﬁle DUNHAM.COF. We iypically only use the values in
the dashed box to model the NS spectra to the resolution of our spectrometer. It should be
noted that there is a different group of Dunham coefficients for each electronic level ~ four
groups for NS. This is referenced® and explained in greater detail within the code.

The Franck—Condon factors (q'v") of Equations (2.48) and (2.50) are given in file
FRANK.CON.5 These are read in SUBROUTINE INPUT. In addition the F—centroids®
(fv'v") of Equation (2.49) are also read.

If a non—-equilibrium vibrational distribution is needed the N, term of Equation
(2.50) is replaced by the population weights found in file POPLN.WT. These are also read
in INPUT. In addition the rotational temperature (1) and vibrational temperature (if
equilibrium) are read in for the N J and Ny terms of (2.50) respectively.

Go(v), Qv, By, TE’ €q (Equations 2.15, 35; 2.34; 2.17; 2.32; 2.32 respectively) are
obtained in SUBROUTINE INTENSE. These values are used there to calculate the NE’
Ny and N j terms of Equation (2.50). All but the rotational part of Equation (2.27) is

calculated in this routine and stored in matrix TRW.

16




The rotational part of (2.27), taking into account the P, Q, and R branching, is done
in SUBROUTINE DOUBLET. This allows for the determination of the v in equation
(2.50). DOUBLET then calls SUBROUTINE AINT which gives the Hénl-London factors
(SJ'J”) of equation (2.50).

Since the final intensity is normalized, the actual valuc of N and the constants of
equation (2.50) are not important. All the terms mentioned in (2.50) are brought together
in FUNCTION XI1. This is where the intensity of a given spectral line is calculated. These
intensitics are redistributed according to a Lorentzian slit width broadening redistribution

function in SUBROUTINE LORNTZN:
2

= J . .
t= Io(/\ - TXx T0R vy + 97 (2.52)

where 7 = the spectral resolution in Aungstroms (which is on the order of two Angstroms
for our OMA so that Doppler broadening was not considered),

A = the wavelength,

1 x lOB/VJ'J" = ’\,)'J" = the wavelength of the given transition one is redistributing,

o = original intensity of the line.

The cxperimental data is read in, spliced and weighted in SUBROUTINES
LOADFIL, SPLICE and WEIGHT, respectively. The data and the synthetic spectra are
normalized and plotted in SUBROUTINE OUTPUT (as specified by the user).

IV. NS(B - X) SPECTRUM CODE LISTING, FILES AND SAMPLE SPECTRUM

What has been written above is embodied and takes a functional form in the
following program listing. In addition, the files used to run the code are also included
(they follow the code). Finally, a sample spectrum (Fig. 2) comparing the code output to
experiment is included. It should be noted that the theory and experiment correspond
fairly well. This was true of all the spectra generated with the code and compared to

experiment (for a variety of rotational temperatures and pressures).
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PROGRANM SFECTRF

AR AARANRRRRNROARR A ARRA AR RN RN AR AR R ARARARRNAAANRARACN R A AN RA AR R ARAARARAANRAANRN

WRITTEN EY:

CAPY BOB LAWCONNELL

FRANK J. SEILER RESEARCH LABCRATORY
UNITEL STATES AIR FORCE ACADEMY
COLORADO SPRINGS, COLCRADC 8(C84C
PHONE: 719-472-35C2, AV 259-35C2

THIS PRCGRAM CCMFUTES ANC PLCTS THE NSCE) TC NS(X) SPECTRUM

REFERENCES: 1) C, HERIBERG, SPECTRA OF CIATONMIC MOLECULES, VNR C 195C,

F.201,268-271.

= RELATICN GIVINE INTENSITY CF LINE FCR TRANSITICA
¢) F, BCEN AND R, OPPENKEIMER, ANN PHYSIK 84,457(1927).

- BCRA-QPPENHEIMER APPROXIMATION
3) CBASELET AL, J CHEM PHYS B89,257(1988).

= FRARCK-CONDCN FACTCRS, f CENTRCIDS, ETC. FCR NS
4) J. JEFFRIES, ET AL, J PHYS CHEM, IN PRESS, 1 CEC 87
- EXFERIENTALLY MEASURED TRANSITION FROBABILITIES

(1E. REw=2).
5) R. ENGLEFAN JR.,ET AL, LA-4L364,UC-34,T1D-4500.
= AINT SUBROUTINE FOR HONL-LCNDON FACTICRS IN
DCUELEY TO COUELET TRANSITICNS

€) 1. KCVACS, RCTATICNAL STRUCTURE IMN TKE SPECTRA CF
CIATCPIC MOLECULES, AMER. ELSEVIER PUE, CLY OF PRINT,

1669.
= BASIS CF AINT SUBRCUTINE

7) K. P. HUEER AND €. HERIBERG, POLECULAR SPECTRA AND
POLECLLAFR STRUCTURE, VOL IV, VNR C 1579, P4BE-487,

= DUKNPAM COEFFICIENTS FOR NS

T2 AR AR R AR AR N AR R A R R R A ERE R RS RERRSARRAZRRREREZXERAZEREREE X ]

PARAMETER(NRCT=125)

THE COMMCNS ARE ODIPENSTONED AS FOLLCWS (THEY MUST EE
DIFENSICNEL GREATER THAN OR EQUAL TO THE INCICATED
VARIABLES):

CORPMON/FACT/F(NF,20,20),Y(NDAND1,2),G(ND,2C),
1 e(ND,20),D5(NE,20)

CCPMON/P JTRW(6,20,2C),F1C6,NROT),P2(E,NROT),
1T FIINTCELNRCT) P2INT(ELNRCT)

CCMMON/Q 7Q1(C6,NRCT)Y,Q2(E,NKCT),

1 CI1INT(6,NROT),LQ2INT(6,NROT)

CCMPMON/R IRICO6,AROTI,R2CE,NRCTI,RIINTC6,NROT),

1 R2INYCO,NROTILFINT(6,1COCCIL,FINCICOOC),FINXCICOOC)
CCMMON/TEFPP/TV,TR

WHERE, NFsAT=THE NUPBER OF GROUPS CF FRANK-CONCCN FACTCRS --

1 GRCLP PER ELECTRONIC TRANSITION,Y.E. BY/2 YC X2/2
AND B1/72 Y0 X172 FOR NS.

NF1= Vv PRIME MAX INDEX (LPPER STATE)

NF2= V DOUBLE PRIME PAX INDEX (LCWER STATE)

NDs= ANUMEER CF DUNMAFM COEFFICIENT GROLPS -~
ONE FOR EACh CMEGA CLANTUM NUMBER
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ND1= THE MAX ( VALUE FOR THE DUNKAM COEFFIENT MATIRIN:
YL, J)

LWAV= MINIMUM WAVELENGTH CF SPECTRM C(ANGSTRCPMS)

LWAVTI= MAXIFLM WAVELENGTH OF SPECTRUFM (ANGSTRCMS)

NROT= NUPBER OF POSSIBLE ROTATICNAL LEVELS

NOTE: ALL INTECERS USEC TC OEFINE ARRAYS REFERING TO

VIBRATICMAL LEVELS ARE CNE LARGER THAN THKE
CORRESPCADING VIE. LEVEL.

OO

CHARACTER®4S NAMCEV

o

CALL ASSIGN(3,'CHECK.QUT') .
WRITECE,*) “WHAT TYPE OFf DEVICE OO0 YOU WANT TO PLOT ON?®
WRITE(E,*) °*SPECIFY: FCR HP 75S5C*
WRITE(E,2) * FCR TEKTRONIX 4107°*
WRITE(E,) FCR VY240
WRITE(E,») FOR VY 10C RETRO*
WRITE(E,2) FCR TEKTRCAIX 4Q1C°*
WRITE(E,2) ° FCR ANY ASCII PRINTER'
READ(6,=) 1IPLOY

IFCIPLCT.EC.1) NAMDEV="HP 7550°

IFCIPLCYT.EC.2) NAMLCEV="TEKTRONIX &41C7°
IFCIPLCTLEZL3) NAMCEV='VYT 240°

IFCIPLCTL.EC.4) NAMCEV='yY 100 RETRC!
IFCIPLCTLEC.S) NAMCEV='TEKTRONIX 4C10°
IF(IPLCTL.EC.E) NAMCEV=*ANY ASCII PRINTER®

CALL PLTDEV(NANCEV)

CALL INPUT

CALL INTENSE

CALL OLTPULY

CALL DCNEPL

CALL CLOSE(D)

SToP

END

SUBRCUTINE INPUY

PARAMETER(NROT=125)
COPMCN/FACT/ZF(Y,30,30),Y(9,3C,2),G(5,3C),

1 9¢9,3C),06G(9,30)

COPMCN/P ITRW(C6,20,30),P1L6,NROTI,P2C4,NRCT),

1 PIINTC6,NRCT)I,F2INT(6,NROT)

COPMCN/C FQICELNROTILQ2CEL,NRCT)

1T CQIINTCE,NROT),C2INT(6,KROTY)

CONMMON/R IRTICELNROTILR2CELNRCTIARTIINT(S,KROT),

1 RZINT(6/NROTIFINT(6,1CO0C),FINCICCOQ),FINXCICCOQ)
COPMCN/TEMP/TV,IR
COPPCN/INPLY/NTITLE,IFDIS,IBRANCH, Wt IN,WFAX,RRES,

1 XTVAXTR,IFECONELIFCEFL,INPINLIPANL,IENVH,EAVHI,V,

2 XP,IK,GARNAZ
COPMON/ INDEX/NF/NFI,NF2,NTLND,AND
COPPON/WGHTZWGHT(3C,30) ,NVIB,IFEXCITY
COPMON/CNTR/CNTR(3,30,3C),IFCENTR
COMMON/EXPOAT/IFDATA,WAVE(C2C,1C30),SPECC20,103C), WAV (2CCO0),

1 SPC20CCOY MW(2C0CC),SPUWC2CCCOY WDATC2C),SENC2C),ICCUNT,ITIPAX,

¢ INMAX,EXKGRND,SLOPE
COMMCN/PERT/IFPERT,TRP,IFPLEBIVARLVART,VBR2
CHARACTER~4C ATITLE
CHARACTER=2C IFILE

e & e
(s JEV BV VI VR )

¢
C
C READ IN THE APFROPRIATE FRANK CONDCN FACTORS
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CALL ASSIGN(2,°FRAMK.CON®)

READ(2,%) NFONFI1,NF2/NT

WRITE(I,*) NF,NFI,NF2,NT

DO 10 N=1,AF

IMPLIES B81/2 =~ X1/2 ELECTRCNIC TRANSITION
IMPLIES B3/2 == X3/2 ELECTRGNIC TRANSITION
DO 20 I=1,ANF1

READ(2,2) (F(N,1,IF),IP31,NF2)

WRITE(2,%) (FCA,1,1IP),1P=1,NF2)

20 CONTINLE

10 CONTINLE

[alal
£ XZ

N =

CLCSECC)
C
C READ IN THE DUNHAM CCEFFICIENTS
C
C NOTE: THE 2EROC POINTY ENERGIES ARE INCLUDED IN THE FIRST
C DUNHAM COEFFICIENT IN THIS FCRMFULATION
C
CALL ASSIGA(2,°CUNFAM.CCF*)
READ(2,%) ND,ND1
WRITE(2,+) ND,NCT
DO 30 F=1,AC
C M=1 IMPLIES X2FI1/¢ STATE
C M=2 IMPLIES B2F11/2 STATE
C M=3 IMPLIES X2F13/2 STATE
C M=4 IMPLIES B2PI3/¢ STATE

D0 40 L=1,AD1
READ(2,%) Y(M, L, 1), Y(M,L,2)
40 CONTINLE
DO 39 L=1,MD1
WRITEC2,2) Y (M, L, 1), Y(",L,2)
19 CONTINLE
30 CONTINLE
CALL CLCSE(2)
WRITECE,*) 'IF YCU HAVE NOY DONE THIS SFECTRUM ESFORE CR wWOULD®,
1 * LIKE TC STARY FROM SCRATCH TYPE: C ,» OTHERWISE TYPE: 1 .°*
READ(6,») IFDONE
IFCIFDCNEL.EQC.O) THEN
WRITEC(E&,2)*WKAT DC YOU WANT TC ENTITLE YOLR SPECTRUM?®
READC(EL,33) NTITLE
33 FCRMAT(A3C)
WRITECS,*) *IF YOU WANTY THE CCDE TC DETERNINE THE MININUM ANDY,
Y MAXIMUNM WAVELENGTHS BETWEEN WHICH THE SPECYRUM IS TQ BE®,
* PLCTYTEL TYPE: C *,
' NOYE: THIS FRESCLVES THE SPECTRUM ON 20CC PCINTS IN WAVELENGTN®
READ(E,+) IFDEF
IFCIFDEF.ANELL) THEN
WRITE(CS,%) *WHAT IS THE MINIMUM WAVELENGCTH(WFMIN) IN ANGSTRCF??
REACC(6,2) WPIN
WRITEC6,*) "WHAT IS THE PAXIFPUM WAVELENGTHCWPAX) IN ANGSTROM?®
REACC(S,*) wuMAX
WRITECG6,%) *WHAT RESCLUTIONCRES) DO YOU DESIRE IN THE SPECTMT®
WRITEC(G6,%) 'NOTE:C(WMAX-WRIN)/RES .LE. 10C0O0 AND MPUST BE AN°,
1 "INTEGER®
READ(é,+) RRES
ENDIF
WRITEC(E,2) *WKAT IS THE VIERATIONAL TEMPERATURE (DEG KELVIN)?®
READCE,*) XTV
¢ WRITE(E,2) *'WHKAT 1S THE RCTATICNAL TEPPERATURE (DEG KELVIN)?®
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N W

READ(E,+) XTR
WRITEC6,w) *DC YOU WANT A LORENTZIAN (C) CR GALSSIAN (1)°,
*DISTRIPUTION (GALSSIAN NCT YET IMPLEMENTED)?*
READ(&,») IFDIS
IFCIFCIS.EQ.Q) THEN
WRITEC6,%) "WhAT IS GAMMA#=2 FOR LOREATZIAN? 1F C IS RETURNED®,
TGAMMARRZ=z9 SE
READ(G6,x) GANMPAQ
IFC(GAFMMAZ . EQ.C) THEN
GAMPA2=5,58
ENDIF
ENDIF
IFCIFCIS.EC.T1) THEN
WRITECO6,%) *WRAT IS THE CGAS KINETIC TE”PERATLRE (KELVIN)?®
READ(6G,*) TK
WRITECO,%) *WEAT IS TYHE EFITTING MOLECULES MCLECULAR WEIGKT®,
*C(GRAFS/MCLE)Y?®
READ(6,%) XM
ENDIF
WRITE(S,%) 'WhAT 1S TNE EXPECTED ENVELCPE WIDTK OF THE',
"ITHE DISTRIBUTION C(IN ANGSTROMS)-- IF 2ERC 1S FRETURNED THE®,
*CODE WILL ESTIMATE A VALLE.®
READ(é,n) ENVK1
WRITE(S,%) "WHAT TYPE CF RCTATICNAL EBRANCHING IS REQUIRED??
WRITE(&,%) * TRE (HOICES ARE:
WRITE(G,%) * 1) P1,01,R1,F2,Q2C,R2 FOR Z2PI-=-2P1 TRANSITIONS®
WAITE(S, %) ° CCRRESPONDING TC KLNDS CASE A"
READ (&,n) IBRANCH
WRITE(6,%) "IF YOUR UPPER ELECTRONIC STATE HAS A NCN-EQUILIBRIUM®
WRITE(6,*) 'VIERAYIONAL DITRIBUTICN TYFE: 1 °
WRITE(E,) CTHERWISE TYFE: C
WRITE(C(6, %) *MAVE THE RELAVTIVE WEICGHTS CF EACH VIBRATICNAL ULEVEL®
WRITE(6,%) *IN FILE POPLTN.WT'
READCéE,*) IFEXCIY
IFCIFEXCITL.EQ.1) THEN
CALL ASSIGNCZ,'PCPLTN.WT®)
READC(2,%) NVIE

€ NVIE IS THE NUPBER CF VIBRATIONAL LEVELS IN THE UPPER STATE YOU HAVE
C WEIGHTS FOR., ALSO THERE IS ONE SET CF WEICHTS FOR EACK TRANSITIOAN.

50

C N=1 IMPLIES B1/2 == X1/2 ELECTRCNIC TRANSITION
C N=2 IMPLIES B83/2 -~ X3/2 ELECTRCNIC TRANSITION
C THERE SHCULC BE AS FPANY R-CENTRCIDS AS FRANK-CCNDCMN FACTORS

80

Co SC N=1,NF
READ(2,%) (WGHTCN,I),I=1,NVIE)
WRITE(3, o) C(MGHTI(N,I),I=1,NVIR)
CONTINUE
CALL CLOSE(2)
ENDIF
WRITEC6,%) *IF YCU WANT TC WEIGHT THE SPECTRAL INTENSITIES®
WKRITE(S,4) *WITH THE R-CENTRCIDS TYPE: 1 °
WRITE(6,2) * OTHERWISE TYPE: O°
WRITE(E,*) *THE R-CENTROILS ARE ASSUMED TC BE IN RCENTROID.DAT®
READCE,*) IFCENTR
IFCIFCENTR.EQ. 1) THEN
CALL ASSIGN(2,'RCENTRCID.DAT®)
00 70 A=1,MNF

00 80 I=1,AF1

READC2,%) (CNTR(N,I,IP),IP=1,NF2)
WRITEC2,¢) (CNTR(N,I,IP),IP31,KF2)
CONTINLE
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70

35
36

CONTINLUE

CALL CLOSE(2)

EMNDIF
WRITE(E,*)
WRITE(E,*)
READC(6,2) 1

*INCLUDE NON-BOLTIMANN CCNTRIBUTION YC FOTATIONAL®
LEVELS AS SPECIFIEC BELCW ? YES (1), NC (0O).°
FPERY

IF(IFPERT.EQ.T) THEN
WRITEC6,%) "WHAT IS THE FSEUCC RCTATICNAL TEMFERATURE (K)?°

READ (&, n)

TRF

WRITE(6,%) "wHAT IS THE RELAT HEIGHT CF 2ND EXP FCR RCT 0IS?°

READC(6,n)
WRITE(6,
READ (&, n)
VARZ2=VAR1
ENCIF
WRITE(E,)
READ(b,n) 1
WRITE(L,*)
WRITE(E,*)
READ(6,2) 1
IF(IFDATALE
WRITE(E, %)
WRITE(E,«)
WRITE(E,*)
WRITE(E, %)
READ(6,*) E
WRITE(E,*)
WRITE(E,*)
READ(6,#) ¢
WRITE(E,n)
WRITE(E,*)
WRITE(S,2)
WRITE(E,*)
WRITE(E,*)
WRITE(E,)
ENDIF
IFCIFDATALN
WRITE(E,*)
WRITE(L,*)
ENCIF
ELSE
WRITE(E, )
*INPLT.DA
READ(&,35)

VAR

) AT WHICH RCT. LIMNE DCES CCNT. TAKE EFFECT®
VAR1

-1

PUBLICATICN QUALITY (GRAPHS BLACK)? YES (1), NC (0).'
FPLUE

‘DO YOU WANT TO FLOT THE THECRETICAL ANC EXPERIVENTAL'
*SPECTRA ON THE SAME GRAFH? YES (1) , NC (O)°

FDATS

G.1) THEN

*SPECIFY THE THE AVERAGE NUNMEER CF EACKGROUNC CCUNTS!
*PER PIXEL TC SUETRACY FFROM YOUR DATA, CC THKIS EY?
'FIRST SPECIFYING THE INITIAL NUFSER CF COUNTS TC°
*SUETRACT AT YOUR MINIMUM WAVELENGTH®

KGRNC

*NCw SPECIFY THE SLCPE CF THE LINE CF THE®

"AVERAGE INCREASE IN COUNTS/ANSTROM®

LCPE

'*YCUR SFESCTRAL CATA IS ASSUMED TC BE IN THE °

*FILES NAMED IN : FILE.CFMA, NOTE THAT I7 IS

YALSC ASSUMED THAT THE FIPST FILE LISTED IN FILE.COMA®
*CORFESFCNDS TO THE LCWEST WAVELENGTFK AAC SC ON °

*IT IS ALSO ASSLMED THEFE ARE NC GAPS IN WAVELENGTH®
'"RETWEEN CONSECUTIVE OMA FILES.®

E-1) THEN
YCALCULATING TKE SYNTHETIC SPECTRA...'
YCRUNCH.<.CRUNCHaeCRUNCH..."'

'WhAT 1S THE NAFME CF YCUR INPUY FILE (TYPICALLY °*,
T
IFILE

CALL ASSIGN(2,1FILE)

READ(Z,*)
READ(Z,35)

WMIN,WMAX,RRES, XTV,XTR
NTITLE

FCRMAT (A3C)
FCRFAT(1X,A30)

READ(Z,*)
READ(Z,*)
CALL CLOSE
WRITEC(E, )
* VALLES:'
WRITE(E,*)

IFDIS,IERANCHSIENVHTI,TK XM, GAPMAL
IFEXCIT,IFCENTR
(2)
‘TRE INPUT.CAT FILE HAS THE FOLLOWING VARIAELE®,

*ThE PLOT TITLE IS 1:

WRITE(E,3€) NTITLE

WRITEC(E,*)
WRITE(G,*)
WRITEC(E,v)
WRITE(E,*)

‘oIFDIS

SLCRENTZIANCD) CR CAUSSIANCY) DIS. 2=
TiTLENVHT

'THE ZAVELOPE HALF WIDTH CF DIS.
*THE BFANCHING IS CIVEN EY*
*1) 2P1-<=2P1,HLANDS CASE A 4:'+IBRANCH
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N =

WRITE(6,%) *THE MINIMUM WAVELENGTH(A) 1S Ss',UMIN
WRITECG,*) °THE MAXIMUM WAVELENGTH(A) IS 62 MMAX
IFDEF=1

WRITEC6,2) °*THE MIN RESCLUTION IN ANGSTOMS 7:*,RRES
WRITECE,*) "THE VIBRATIONAL TERP (KELVIN) IS Ez',XTV
WRITE(6,¢) °THE RCTATICNAL TENMP (KELVIN) IS 9:',XTR
IFCIFCIS.EQ.O) THEN

WRITE(6,%) *GAFPMA®R2 TS 1C:*,GAMPA2
ENDIF

IFCIFCIS.EQ.T) THEN

WRITECG6,%) °THE GAS KINETIC TEMP (KELVIN) IS 11:',7K
WRITEC(6,*) °*THE MCLECULAR WEIEGHY (G/MOLE) IS 12:',XM
ENDIF

WRITEC(E,*) *THE UPPER STATE VIBRATIONAL LEVELS'
WRITE(E,%) "ARE IN EQUILIERIUM (0) OR THEY ARE®
WRITE(E,*) "EXCITED (1) 12:%,IFEXCIT
WRITECE,*) ‘INCLUDE R~CENTRCIDS,YESC(1),NOCC) 14:°,IFCENTR
WRITE(E,9) "#o»WHICH OF THE ABOVE VARIABLES OC YOU®,
* WANT TO CHAMNGE? TYPE O WHEN YOU ARE FINISHEC®,

' MAKING CHANGES. ENTER NUMBERS ONE AT A TIME,®

bC 15C I=1.,14

READ(E,») IVAR

IFCIVAR.EC,C) GO TO 16C

IFCIVAR.EC. 1) THEN

WRITE(6,%) °*PLOY TITLE:®

READ(6,35) NTITLE

ENDIF

IFCIVARLEG.2) THEN

WRITE(S6,2) *DISTRIBUTION (0 OR 1):°

READ(&,%) IFCIS

IFCIFDIS.EQ.C) THEN

WRITE(E,%) *REMEFSER TO FCODIFY VARIABLES 11 AND 12°
ENDIF

ENDIF
IFCIVAR,EC.3) THEMN

WRITECE,*) *ENVELOPE HWALF WICTH (ANGSTRONS):®
READ(6,%) ENVH1Y
ENDIF

IFCIVARLEC.4) THEMN

WRITECO6,2) *ERANCHING IS:®

READCS, %) IBFANCH

ENDIF

IFCIVARL.EC.S5) THEN

WRITE(S6,%) *PIN BWAVELENGTH C(ANGSTROMS):*

READC6,2) WAMIN

ENDIF

TFCIVAR.EQ.6) THEN

WRITE(6,%) °*FAX WAVELENGYH C(ANGSTROMS):'®

READ(G6, %) WMAD

ENDIF

IFCIVARLEQ.7) THEN

WRITEC6,*) "RESOLUTION (ANGSTROMS):'

READ(é-,2) RRES

ENDIF

IFCIVARL.EQ.8) THEA

WRITEC6,*) V1B TEMPERATLRE (KELVIN):®

READ(6,%) XTV

ENDIF

IFCIVAR.EC.9) THEN

WRITEC6,%) *RCT TEMPERATLARE (KELVIN):®
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READ(6,%) XTR

ENDIF

TFCIVAR.EQC.T10) THEN
WRITE(S,%) "CAFMMA«RQ 1S:°
READ(&,=) GANMNAQ

ENDIF

IFCIVARLEGC.T1) THEN
WRITE(S,*) "CAS KINETIC TEMPERATURE (KELVIN):®
READ(&,+) TK

ENDIF

IFCIVARLEC.12) THEN
WRITECS,%) 'NCLECULAR WEIGHT C(GRANMS/NMCLE):!
READ(E, ) XV

ENODIF

IFCIVARLEGC.13) THEN
WRITEC(O,») *UFOPSRSTATE VIERATIONAL EXCITATION®
WRITEC(H,%) °EQUILIBRILM™ (L), NON-EQUILIBFIUM (1):°*
READCG6,») IFEXCIT

ENDIF

IFCIVARLEGC.T4) THEN

WRITECE,x) SINCLUCE R-CENTRCICS? YES(1) OF NOC(C):*
REACC(E,*) IFCENTR

ENDIF

150 CONTINLE
160 COMNTINLE

IFCIFEXCITLES.Y) THEN
CALL ASSIGN(Z2,'PCPLTN.WT')
READ(2,+) NVIE

C NVIE IS THE NUNMEER CF VISRATICMAL LEVELS IN THE UPFER STATE YOU HAVE
C WEIGHTS FOR, ALSC THERE IS CNE SET OF WEICKTS FOR EACH TRANSITICN.
00 6C N=1,NF
READ(Z2,%) (WEHT(AL,TI), II=STANVIE)
WRITE(3,%) (WCHTIN,II),I1=1,AVIR)
€0 CONTINUE

CALL CLGSEC(Z)

ENDIF

IFCIFCENTR.EQ.1) THEN
CALL ASSIGNC(C(Z,'RCENTRCID.DATY)

DO 85 AN=1,ANF

C N=1 IMPLIES B1/2 == X1/2 ELECTRCNIC TRANSITION
C N=2 IMPLIES B83/2 == X3/2 ELECTRCNIC TRANSITION
C THERE SHOULD BE AS MANY R-CENTRCIDS AS FRANX-CCADOMN FACTORS

00 9C I1I=1,NF1
READC2,2) (CNTRI(N,TII,IP),IF=1,AF2)
WRITE(Y,#*) (CNYR(N,IT,IP),IP=1,NF2)
50 CONTINLE
a5 CONT INLE
CALL CLOSE(2)
ENCIF
WRITECE,*) “INCLUDE NON-ROLYIMANN CCNYRIBUTION TC RCTATICAAL®
WRITECE,2) *LEVELS AS SPECIFIEC BELCW ? YES (1), NC (0).°
READ(6,%) IFPERT
IFCIFPERT.EQG.T) THEN
WRITECE,*) "WHAT IS THE FSEUDC RCTATICNAL TEMFERATURE (X)?°
QEADC(éErn) TRF
WRITEC(S,%) *WkAT IS THE RELAYT MHEIGHT CF 2AD EXP FCR RCT D1IS??
READC6,%) VAR
WRITECS,*) AT WkICH ROT. LIME DCES CLNT. TAKE EFFECT?
READ(6,2) VAR1
VAR2=VART~-1
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ENDIF
WRITECE,») *PUBLICATION QUALITY (GRAPHS BLACK)? YES (1), NC (0).°'
READ(6,*) 1FPUE
WRITECE,%) "DO YOU WANY TO PLOT THE THECREYICAL AND EXPERINMENTAL®
WRITE(CE,*) *SPECTRA ON THE SAME GRAPH? YES (1) , NC (O)°
READC6,%) IFDATA
IFCIFOATALEQ.1) THEN
WRITECE,*) *SPECIFY THE THE AVERAGE NUMEER OF BACKGROUNE CCUNTS®
WRITE(E,2) 'PER PIXEL TC SUBTRACT FROM YOUR DATA, CC THIS EY’
WRITECE,%) *FIRSY SPECIFYING THE INITIAL NUMBER OF COUNTS TO°
WRITECE,*) *SUEBTRACT AT YOUR MINIMUM WAVELENGTH®
READ(6,2) EKGRNC
WRITE(CE,%) *NOW SPECIFY THE SLCPE CF THE LINE CF THE®
WRITECE,*) °AVERAGE INCREASE IN COUNTS/ANSTROM®
READC6,%) SLOPE
WRITE(E,*) *YOUF SFECTRAL DATA IS ASSUPED TC BE IN THE °
WRITECE,*) *FILES NAMED IN : FILE.CMA. NOTE THAT IT IS°*
WRITECE,%) "ALSC ASSUMED THAT THE FIRSY FILE LISTED IN FILE.OMA®
WRITE(E,*) "CORRESPONDS TO THE LOWEST WAVELENGTH ANC SC ON °
WRITECE,*) ®1T IS ALSO ASSUFMED THERE ARE NC GAPS IN WAVELENGTH®
WRITE(é,*) "BETUEEN CONSECUTIVE OMR FILES.®
ENDIF
IFC(IFDATALNELT)THEN
WRTTE(Er,rn) *CALCULATING THE SYNTHETIC SPECTRA..."'
WRITE(6,2) *CRUNCHeaolRUNCHeoeCRUNCHaeao"
ENCIF
ENDIF
TV=XTV*_.665
TR=XTR*, 665
IFCIFDISLEC.T) THEN
VSORT(2.494ER2TK/XM)*1ES
ENCIF
RETURN
END
SUBROUTINE INTENSE
PARAMETYER(AROT=125)
COMMCN/FACT/FC2,30,30),Y¢(9,20,2),6¢(5,3C).,
1 B(9,30),06(9,2C)
COPMON/P ITRWC6,20,3C),P1CE,NROTILP2CE,NRCT),
1 PIINT(6,NROT),FINT(4/,NROT)
COMMCN/C J1Q1CE/NROTILQ2CELNRCT)Y,
1 QIINT(6/NRCTI,C2INT(6,NROT)
COFMON/R IR1CE,NROTILR2CELNRCTIARTINT(6,KROT),
1 RIINTCE/NRCTI,FINTY(C6,1000C), FINCICCOO),FINXCICCLCO)
COVMCN/TEMP/TV,IR
COMMCN/ INPUT/NTITLE,IFDIS,IERANCH, WP IN,WMAX,RRES,
1T XTV,XTR,IFOONE,IFCEFLINMINSJIMAX,IENVHLEAVKTI,V,
e XM,TK,GANMMA2
COMMCON/ INDEX/NFANFIL,NF2,NT,ND,ND1Y
COMMCN/WGHT/WGHT(3C,30) ,NVIEB,IFEXCIY
COMPMON/CNTR/ZCNTR(3,3C,3C),IFCENTR
COMPON/EXPDAT/IFDATA,WAVEC20,1C30),SPEC(20,103C) WAV (2CCO0),
1 SPC20CCO) WU (ZCO0CY,SPUC2CCCO) A WOAT(2C)»SENC2C), ICCUNT, IIMPAX,
2 INMAX,BKGRND,SLOPE
COFMON/SPIN/NG
CHARACTER#*4C NTITLE

(o N al

¢ CALCULATE ENERGIES (G) AND MCLECULAR CONSTANTS (E) FCR
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VIBRATIONAL LEVELS

NMAX=MAXCNF1,NF2)
00 10 F=1,ND

DO 2C I=1,KMAX
G(r,1)=0.
B(v,1)=C.

p0 30 L=1,AD1

IEP=L-1

XI=FLOAT(I)
GCP,I)=GCM, 1) 4Y (M, L, 1) C{XI=1.)4,.5)n*(IEP)
BV, I)=B(M IDAY (M, L,2)0(C(XTI~1,04¢,.S)an(1EP)
WRITE(3,*) *GelsI=',G (NP, 1), M,

CONTINLE

WRITE(I, %) °*G, M, I=*,G(P,YI),¥,1]

CALCULATE THE ENERGY DIFFERENCE (DG) BETWEEN VIERATICNAL
LEVEL I AND THE LOCWEST VIBRATIONAL LEVEL WITHIN THE ELECTRONIC STAT

DG(M,I)=G(NM,I)~-CG(M,1)
WRITE(2, %) *DG,P,I=',DG(M, 1), M,]

CONTINLE
COKRTINLE

CALCULAYE THE VIERATICNAL LEVEL TRANSITICN (TR)
FRECUENCIES EETWEEN THE UPPER AND LCWER ELECTRONIC
LEVELS == HUNDS CASE A,

NN=1

DO 40 A=1,MNF

00 SO 1=1,KF1

00 60 IP=1,NF2

TRWEN,I,IP)=GINN+1,1I)~G(NN,1IP)

WRITECY, %) “TRANS*,TRW(N,I,IP),N,1,1P
NOTE: EP~-BPP<C FCR RED DEGRADED BANDS

op-gPP>C FCKR BLUE DEGRALCED BANCS

WRITE(Y,+) *BP-EPP=2*',B(NN+T,I)-B(NN,IP)

CONTINLE

CONTINLE

NN=NN+2

CONTINUE

DETERMINE THE MIN AND MAX EXTENT OF THE PESH IN ANGSTOMS
IF NOT SET IN THE INPUY

IFCIFDEFLEC.O) THEM
WMIN=1E20

WwMAX=C,

DO 41 N=1,NF¥

D0 51 I=1,KF1

DO 61 IP=1,NF2
XW=1.E8/TRW(N,1,1P)
WMAX=MAX(XWsWRAX)
WMIN=MINC(XW,WRIN)
CONTINLUE

CONTINUE

CONTINUVE
RRES=(WMAX-WMIN)/2C00.
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ENDIF

WRITE(2,%) *RES=*,RRES,"WMINZ ', WMIN,"WNAXNE',WMAX
IFCENVHI.EC.C.C) ENVHI=RRES~4A0,
TENVH=INTCENVHT/RRES)

IMINSIATCC(UFIN® 1+RRES)/RRES)-IENVH

IMAXZINTC(RMAXS T«RRESI/RRES)*IENVH

WRITE(Z, %) CENVRHI=',ENVHT,*IMIN=*,IMIN,*IMAX=",IMAX

REAC IN THE EXPEFIMENTAL WAVELENGTHS AND PHCTON COUNTS IF
THE SYNTHETIC SPECTRUM IS TC BE COMPARED WITH EXFERIFMENTAL
RESULTS.

IFCIFDATALEQ.1) THEN

CALL LCADFIL

WRITE(6,%) "SPLICING AND CALIERATING THE EXP SFECTRAL FILES...'
CALL SPLICE

CALL WEIGHTC(WFMIN,WMAX)

WRITE(E,*) "CALCULATING THE SYNTHETIC SFECTRA...'

HRITE(EI*) 'CRUNCH...CRUNCH...CRUNCH..-'

ENDIF

FOR EACH VIERATICNAL TRANSITICN CALCLLATE THE MULLTITLDE CF
TRANSITICNS CUE TC RCTATICNAL SFLITTING CF THE VIBRATIOMAL
LEVELS AND CALCULATE THE RELATED INTENSITIES.

WMINE=WMIN-2+ENVHI

WMAXE=WMAX+2*ENVHT

NN=2

DO 75 A=1,ANF
THE EQUILIBRIUM FOPULATION CF NST/2 AND AS3/2 LEVELS
ARE NCT THE SAME. THE RELATIVE NUMEER CF MCLECLLES IN
EACH LEVEL 1S EASILY DETERMINED USING THE ELECTRCNIC
DISTRIBUTION FUNCTICN. AT CC DEGREES KELVIN IT SHCWS
THAY IF THE POPULATION OF NS1/72 IS GIVEN BY 1, THEN THE
POPULATICN CF NSI/2 IS GIVEN BY .6 . THEREFCRE, THE
N*'S IN THE MHERZEERG INTENSITY FCRMULA DIFFER AS FENTIONED
ABOVE BETWEEN ThHE 172 AND 372 LEVELS.

IFI(NLEGLTITHEN

FELEC=1.

ELSE

FELEC=.6

ENDIF

CETERMINE THE NCRMALIZATION FACTCR FCR BCLTIMAN
EQUILTIBRIUM CISTRIBUTION OF PCPLLATIONS IN THE UFPPER
STATE

1=C.

DO 70 JJ=1,AF2-1

I=2+EXF(-DG(NN,JJ)/TV)

CONTINUE

p0 80 I=1.,NF1

00 90 1P=1,NF2

WIL=T1.E8/TRW(N,1,1F)

TFCWILLLT . WPMINE.OR.WIL.GT . WMAXE) GC TO SO

THIS IS THE NCRPALIZED POPULATION FCR EACH VIBRATIONAL LEVEL
IN THE UPPER ELECTRONIC STATE

IFCIFEXCITL.EQ.C) THEN
EXPVEEXP(-DGINN,I)/TVI/2*FELEC
WGHT(N,I)=EXPYV
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72
$0
éo

75

ENCIF

IF THERE IS A NCN-EQUILIBRIUM CISTRIBUTION CF
VIERATIONAL LEVELS THEY ARE SET MHERE

IFCIFEXCITLEQ.T.ANC.NVIB.GELI) EXPV=WGHTCIN,I)

IF CNE REQUIRES THE INCLUSICN CF THE R-CENTROIDS IN THE
COMPUTATION OF THE INTENSITIES THEIR CCATRIBUTICN IS
TAKEN INTO ACCCUNT NEXT

IFCIFCENTR.EC.1) THEN

REE=To¢T1.T67T1T12CNTR(N,IIP) =1, C37SS*CATRCN,I IF)Inng
1 +2.C28+CNTR(N,I,IP)#n3

EXPV=EXPVeRENe

ENCIF

THE LAMEDA TYPE COUELING OF EACH MULTIPLET(TWO CF THEM NC=1,2)
IS TAKEM INTC ACCOUAT IN THE NC LCCP. THE EEFF CF THE FUNCTICNS
FP AND FPP CHANGE ACCORDINGLY.

DO 72 NC=1,2
IFCIERANCHEQ.T) CALL DCUSLETCN,NN,I,IPLEXPVY)
WRITE(2I, %) *F,LI1,IP,EXPV=S,FAN,I,IP),1,1F,EXPY

REDISTRIBUTE INTENSITIES WITH LCRENTZIAN -OUE TC HOMCGENEOUS SLIT
RELATED EROADENING

IFC(IFDIS.EC.O) THEN

CALL LORNTZIN(N,I,1P)

CONTINLE

CONTINUE

CONTINUE

NN=NN+¢

CCNTINLE

RETURN

END

SUEROUTINE DOUELET(N,NN,I,IP,EXPV)
PARAMETER(NROT=125)
COFMMCN/FACT/FCY,30.30),Y(5,30,2),G¢5,30),
1 8¢9,30),06(9,20)

COMMCN/P ITRWC6,20,30),P1(&,NROTI,P2(E,NROT),
1 PTINT(SE,NRCT),F2INT(6-NROT)

COMMON/GC JQ1CE,NROT),C2CE,NRCY),
1 QITINT(6,NRCT)I,C2INT(6,NROT)

COMMCN/R JTRICE/NROTI A R2(EL,NRCTI,RTINT(6,NROT),
1 RZINTCE,NRCT) FINY(6,1COCCIAFINCICCCCI FINXCICCLO)
COMMON/TEMF/TV, IR
COFMMCN/INPLUT/NTITLEL,IFDIS,IERANCH, WM IN/WMAX,RRES,
1 XTV/XTR,IFOONE,IFDEF,INMIN,IMAX,IENVH,ENVHT,V,
2 XM,TK,GAFNMA2

COMMON/INDEX/NF,NFT,NF2,NT,ND,NDT

DATA DE’DEPIAPI‘PP" .25'611.35'611‘9.71285.8/

YY ANC YE ARE THE LCWER AND UFPER STATE SPIN CRBIT SPLITTING
WAVE NUMBERS,

DATA PLPE,YY YE/1ar1.,221.%5,90./

DATA F,PE,YY,YE/1.,%.,100CC,1CC0OCY

CHARACTER®4L(C ATITLE

IFI(N.EC.T1) THEN

1=2,$
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1E=.5

ELSE

1=1,.5

Z€=1.5

ENDIF

00 100 J=1,NROY
IF(NCECLT) THEN

N EQ 1 MEAMNS WE'RE LOING BPIV/2--XPI1/2 TRAASITIONS
P1-ERANCH
R=FLOAT(J)-.S
RE=R~-1
PICN,JI)=TRWIN, I, IP)¢FP(R=1,NN,1,P,YE,OE)=FPP(R,NN,IP,F,YY,DEP)
FR=P1(N,J)
NOTE: THE CCMPILER WAS HAVIKNG A PRCEBLEM RECCGNIZING P1 IN THE
XI FUNCTION CALL UNTIL I SET FR=P1(N,J) ANC PASSED FR IN THE
XI FUNCTIOMN CALL, AS YCU SEE BELOW. BEFQRE THE CHANGE, AT RUN
TIFE, FR WITHIN THE XI FUNCTION CALL WAS UNCEFINED = ZERO.

CALL AINTC(SJ,P,R,2,YY,RELPELZE,LYE)
PIINTUINAII=XIINANN,L TP, SJ,FRARELEXPY,YY)
MRITE(6,*) °*SJ OF P1=",SJ

WRITECSO,%) NodsPIIN,I),PTINT(NGJ)

Q1-ERANCH

RE=R
QICNLII=TRUCN,I,IC)¢FPCRIKN/LI/P,YELDE)-FPP(R,NN,IF,P,YY,DEP)
FR=Q1(N,J)

CALL AINT(SJ,FsR,24YY,REL,PEL2ELYE)
QIINTUIN,JII=XICN/ NN, T, 1P, SUPFRARELEXPVLYY)

R1-BRAKNCH

RE=R+1,

RICN,JIZTRWINA LI/ IF)+FPIR*1,NN,1,P,YE,DE)-FPP(R,)NN,IP,P,YY,CEP)
FR=R1(N,J)

CALL AINT(SJ,P,R,2,YY,RELPESLIELYE)
RTIINTC(N,JI=XTCN/NNLT,IP,SILFRIARELEXPV,YY)

ELSE

N EC 2 MEANS WE'RE COING BPI3/2~~XPI3/2 TRANSITIONS
P2=-BRANCH

Q2-8RANCH

R2-ERANCH

100

R=FLCATC(J)+.5

RE=R-1,
PZCN,JIZTRUWCNATILIF)+FPUR=-T1 NN, IP,P,YELCE)-FPP (R NN,IP,F,YY,DEP)
FR=P2(N,J)

CALL AINT(SJS,PsR,2,YY,RE,PEL,LE,YE)
P2INTENASI=XNICAAAN,T TP, SI,FRIRELEXPV,YY)

WRITECS,2) °SJ OF P2=2°,S)

WRITECS,%) Ned/PC(N,S),FR,P2INT(N,J)

RE=R }

Q2(NLJI)=TRUCNS I/ IF)SFP(R,NN,IP,L,PLYE,DE)-FFP(RANN,IP,P,YY,CEP)
FR=Q2(N,J)

CALL AINT(SJ,P+R,2,YY,RE,PE,LE,YE)
Q2INTIN,J)=XICALRN, T 1P, SIS/ FRARELEXPV,YY)

RE=R+1,

R2INAII=TRUCN, T, IPI*FP(RETI NN IP,F,YELCE)-FPPC(R,NN,IP,P,YY,DEF)
FR=R2(N,J)

CALL AINT(SJ,P,R,2,YY,RELPE,LE,YE)
RZINTIN,JII2XICAN NN, TI,IP, SIS, FRIRELEXPY,YY)

ENDIF
CONTINUE
RETURN

ENO
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REAL FUNCTICN FF(RINN,I,P,YELDE)
PARAFMETER(AROT=125)
CCMMCN/FACT/FC2,30,30),Y¢(9,2C,2),G(5,3C),
1 8(9,3C),0€(%9,30)
COVMMCN/F ITRWC6,20,3C),P1(6,NROTI,P2(EL,NRCT),
1 PIINTC(ELNRCTI,F2INT(6,NROT)
COMMON/SPIN/NC
IF(R.LTL0) RETURN
IF(NCLEQ.T1)THEN
BEFF=BI(NN,TI*(T.+B(NN,TI)/(F2ABS(YE)))
ELSE
BEFF=B(NN,1)*(1.~BI(NN,I)/7(F*2ABS(YE)))
ENCIF
FP=BEFFaRa(R+1)~-DcoaR*e2a(R4+])na)
RETURN
END
REAL FUNCTICN FFP(R,NN,IP,P,YY,DEP)
PARAMETER(ANROT=123)
COFMMCN/FACTZF(2,30,30),Y(9,2C,2),G(5,3C),
1 3¢9,3C),DG6(9,30)
COMMCN/F fTRWCE,20,30),P1CE,NROT) ,P2CELNRCT),
1 PIINTC(E6,NRCTILF2INT(6,NROT)
COMMCN/SPIN/NC
IF(R.LY.C) RETLEN
IF(NC.ECL.T1)THEN
BEFF=B(NN-T,IP)« (1. +¢B(NN=1,IP)Y/(P*AES(YY)))
ELSE
BEFF=BA(RN=-T,IP)«(1.-8(NN=1,IP)/(P+AES(YY)))
ENCIF
FPF=BEFFaRe(R+1)-DEaRA® A (R41)nn?
IF(N.EQ.2) THEN
WRITECE,*) 'NoAN,T,BINAN,I),BCAN-1,1P),F,PF?*
WAITEC(EL*) N ANNLI,BCNN,I) E(NN=-1,1IP),R,PF
ENDIF
RETURN
END
REAL FUNCTICN XI(N,NN/1,IP,SJ,FRARAEXPV,YY)
COMMON/FACT/F(2,30,30),Y¥(9,30,2),G(5%,3C),
1 8(9,3C),0C(9,30)
COPMCN/TEMF/TV,TIR
COMMCN/PERT/IFFERT,TRP,IFPLR,VAR,VARTI, VAR
DATA PLDE /1,1.2E~¢&/
IF(R.GE.Q) THEN
XI=B(NN,I)/TRaSI«FRaxIeF(N,I,IP)+
1 EXF(-BI(NN,TI)2R2 (R*1)/TRI*EXPY
ELSE
Xx1=0
ENDIF
DUE TO PERMAPS A SLCWLY RELAXING NASCENT DIST. CR FERHAPS
DUE TO CURVE CRCSSINGS(?) AT R VALUES GREATER THAN APPRCXIFATELY
S0 (SEE JEFFERIES) IN V' = C,1 WE SEE AODITICNAL PCFULATIONS
IN THE HIGHER RCTATIONAL LEVELS. THIS EFFECT IS APFROXIMATED EY:
IFCIFPERT.EC.T) THEN
IFCILE.2.AND.R.GE.VART) THEN
XIzXICVARAE(NN,TI)/TRPaSJ*FRaaZef(N,1,IP)e
1 EXPFC-BINN,I)*(R=VAR2) #(R=VARZ2+1)/TRF)I*EXPY
ENOLF
ENCIF
IF(N.EQ.2) THEN
WRITECG,*) *NoAN,I,2(NNSI),SI FRIF(N,TIFIPI, EXPY,R
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WRITEC(E,2) NAANN,I,BUNN,I),SJUL,FRAF(N,TFIP),EXPV,R
ENDIF

RETURN

ENC

SUBROUTYINE AINT(SJ,P,R,2I,Y,RE,PE,2E,YE)

THIS SUBROUYTINE CACCULATES THE ROTATIONAL LINE STRENGTHS FCR
DOUBLET TRASNSITIONS,.
DEFINITICN CF SYMBOLS IN AINT SUBROUTINE:

INPUT CONSTANTS (LCWER STATE IS A SINGLE LETTER: EXCITED STAT

HAS AN ADCED E):

R,RE - RCTATIONAL QUANTUM NUFBER, J (POSITIVE HILF INTEGER),
SELECTICN RULE: DJ=0,1,-1

P,PE = ANGULAR PCMENTUM CF ELECTRONIC STATE, LAMCA (POSITIVE
INTEGER CR ZERO). SELECTION RULE: OLAMDA=C,1,-1
2,2E = TCTAL ANGLLAR MOMENTUM OF THE ELECTRCAS, CMEGA

(HALF INTEGER = LAMDA 4 CR =~ .S)
Y,YE = DIMENSIONLESS SPIM ORBIYT CCUFLING CONSTANT,LLAPDA,
FURE CASE A, LAMDA=1CC00. PULURE CASE B, LAMDACE-S.,
QUTPUT:
SJ = ROTATICNAL LINE STRENGTH FACTCR

$J=0.C

SL=P-PE

IFCABS(SL)~1.01)1,1,35

SR=R-RE

IFCABS(SR)~1.01)2,2,35
IFCABS(Y)~9999.()5,5,3
IF(ABS{(YE)~9996¢.0)13,13,4
1FC(ABS(2-2E)-.C1)12,13,235
IFCABS(Y)-.000C2)5,6,13
IFCABS(YE)~.00CC2)7,7,13
IFCABS(R-2)~-.01)10,10,8
IFCABSCRE-ZE)-.C1)10,10,9
IFCABS(SR~SL+2-2€)-1.01)10,1C,25
IF(P=.C1)11,11,13
IF(PE~.01)12,12.13
IFC(ABS(SR+2~-2E)~.01)35,35,12
IF(R-14.C1)35,14,14
IF(RE~-ZE+.C1)35,15.,15

AJ=RE+1.0

S=pP- .5

SE=PE~.5
IFCABS(SL)-.01)c3,17,17
IFCARS(SRI)~-.CT1)18,21,21
C2S2SCRT(CAJSSLASE) «(RE=-SL+SE)
1 «(RE+PJI/(RE=AY))

GO YO0 27

Q2 ,S*SCRTCCAJ+T ¢SLASE)a(AJ4SLASE)ZAY)
GO T0 27
Q=SE*SCRY((AJ+RE)/C(REAY))

GO YO €7

IF(SR)Y22,15.,1%

0=, S*SCRT((RE-SL2S)*(AJ=SL*S)/RE)
60 TO 27
IFCABSCSR)~-.01)20,c4,24

IF(SR) 26,26,25
Q=SORTC(C(AJ*AI-SE*SE)/AJ)

GO YO 27

CG2SORTC((REA*RE=-S*S)/RE)
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32
33

34
35
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$1=21.0

$K=1.0

SIE=1.C

SKE=1.C

1FCABS(2~S)-.01)20,30,28

SI==-1.C

IF(2-S4.01229,25.3C

sKk==-1.C

1FC(ABSC(ZE-SE)-.C1)23,33,31

$1E==-1.C

IF(ZE~-SE+.C1)32,32,33

SKE==1.C

S=5+1

SE=SE+1
SJ=SJ*Y(SI:SK;P:“IY)*Q*T(SIElSKEIPE:REcYE)
IF(S=P-1.45)16,34,24%

$SJ=SJesJ

RETURN

END

REAL FUNCTICN T(SI,SK,P,R,Y)

1IFC(P-.C1)6,6,1

IF(R+.49-P)9,9,¢

AJz2.%R+1,

1FCABS(Y)~.C00C2)8,8,3

SL=YZAES(Y)

IFCABS(Y)~$999.0)4,4,7

GA=Y*P#P/AJ=R~,S
GB=,S*SCRTYCAJanz4Y# (V=4 ) *FeP)
BK=1/SCRT(2.+CGE*AJ)
TZBK*(SCRYC(GE=-SI*CA)*(R+ . S=-SL#*P))+S1
1«SQRTIC(GB+SI*GAI*(R+,.5+5L#P)))#SK

60 10 1C’

T=SI/SORT(Z2.,0) 5K

G0 TC 1C

GA=SL*P«P/AJ

GB=.5+F

GO T0 ¢

T=2SI#SK2SCRT((R+,5-SI*P)/AJ)

60 10 1C

Tz.52SK%(1,4S1)

RETURN

END

SUBROUTINE LCRNKTIN(N,I,IP)

PAPAMETER(AROT=12S5)
COPHONIF!CTlF(!oSO:30)0'(9:3012)1G(9’30,f

1 9(9,3C),0€C(9,20)

COFMCN/P JTRWC5,30,30),P1(6,NROTI,P2(6,NRCT),
1 PTINTC(E6/NRCT),F2INT(6-,NROT)

COMMCN/GC 1Q1CE,NROT),Q2(CE,NRCT),
1 O1INT(6,NRCTI,C2INT(6,NROT)

COMMON/R JR1CESNROTILR2CELNACTI,RIINTCE6,NROT),
1 RZINT‘éINFCT)IFINT(011COOC)IFIN(1CCCC)0Fle(1CCCO)
COPMCN/TEMP/TV,IR
COUFONI!NPUT’NTlTLErIFDISolERANCN:hFIN:k"‘!IﬁRES:
1 ’YV'XTRIIFDONEJIFCEFIIPIN:I"A!:TENVR:E\VH1cVo
2 XP,TK,GAFPNA2
COMMON/INDEX/NF,NF1,NF2,NT,ND,ND1
COFFCNIPEAKIXPE‘K(C:30:IO)IVPE‘K(6:30:3C)1FCH(1C00C)
CHARACTER#4C ANTITLE
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NORFALIZED LCRENTZIAN--SLIGHT REDISTRIBUTIOM OF
INTENSITIES

GAMMAZ=3 . 16E13¢3,16€E13
IDIF=IMAX~-INMIN
IXN=T
WIL=1.E8/TRUW(N,I,IF)
TFC(WILLLT.WMINCENVE) THEN
ILZINTC(WIL® 1#RRES)/RRES)=IMIN+T
IU=IL+IENVH
XN=zWIL
ELSE
IL=INTCC(WIL4.T4FRES) /RRES)=IMIN-TENVH+T
IU=TL+2+ICENVH
XN=WIL-IENVH*RRES
ENDIF
WRITE (3,%) 'IL=',IL,°IL=,1U
FMAX=C
FMax1=_
FMaxcLc=0
FMr=C
RR=C.
D0 110 IM1=IL,IL
IFC(I1.LT.1.CR.IT.GY.IDIFIGC TO 110
RR=RR+ARES
XIT=XN¢RR
XI1I=2,E18/XI
sym=_C
IFC(N.EC.T1) THEN
00 120 J=1,NRCT
OENOM=(XIT1-T1ES/FT1(N,J))an24GAMNAL
SC2GAMMA2/DENCYK
SUN=SUF4SC*PTINTIN,J)

120 CONTINLE
D0 130 J=1,NRQY
DENCM=(XTT-T.EE/RT(N,J)I#n24GANNAL
S5C=GAMPA2/DENOYV
SUM=SUF4SCHRTINTINAJ)D

13C CONTINUE
00 140 J=1,NRCTY
DENOM=(XI1=1.EE/QIIN,J)I*24GAVFFA2
SCxGAMMAR/CENQV
SUFM=SUP+SCHCTINTUIN, J)

14C CONTINLE
ELSE
D0 15C J=1,NRCY
DENOM(XI1=1.EL/P2(N,J))*w24GAPNMAL
SC=GAMMA2/CENOYN
SUN=SUPM4SC*P2INT(N,J)

150 CONTINLUE
D0 160 J=1,NRCT
DENOM=(XIT-1.ECL/R2(N,JI)C#ZIGANNFAL2
SC=GAMPA2/0ENON
SUF=SUF4SCoR2IATIN,J)

160 CONTINLE
DO 170 J=1,NRCTY
DENCM=(XTIT=1.E8/C2(N,J)I*e2¢4GAMMA2
SC=GAMNFA2/CENCF
SUNESUP+SC+C2INTUINAY)

170 CONTINLE
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ENDIF

FINCIT)=FINCIT)+SUM

FCHCIT1)=SUPF
C WRITE(S,%) *DEN=",DENCM,SC,GAMMAZ,Q2INT(N,J),SUM
C FIND THE MPAX Y PCSITICN OF "CLOSE"™ PEAKS

FMAX=FAXCFINCIV), FMAX)

FFAX1=MAXCFCHCIT1) - FMAXT)

IFCFMAX.GT.FMAXOLE JAND.CFRAXT/FMAX) .GT..2) THEN
FMAXCLD=FMAX
YPEAK(N,1,IP)=FAXCYPEAK(N,TI,IP),FNMAX)

ENDIF

11C COMNTINLE

END CF IKNTEGRATICN

FINC THE PEAK CF EACH SPECTRUM LINE

aNaNaNaNala)

FMAX=(

FMAax1=C(

FMAXCLL=C

RR=(C.
ILZINTC(WIL*T*FRES)/RRES)-INMIN-IXNS
IUsIL+Z#IXN

XN=WIL-IXN*RRES

09 S I1=IL,1IU
IFCITalTe1CR.ITLGTLIDIFIGE TO S
QR=RR+RRES

XIT=XN4RR

FNAX=NMAXCFINCITI),FMAX)

FPAXT=NMAXCFCH(IT),FMAXT)

IFCFMAX.GT.FRAXCLE ANDCFMFAXT/FMAR) (GT.a2) THEM
XPEAK(N,1,1IP)I=XI1
YPEAK(N,1,IPY=FAXCYPEAK(N,T,IP), FNAX)
FMAXCLD=FFMAX

ENDIF

5 CONTINLUE
RETURN
END
SUBROUTINE GAUSSEN(N,I,IP)
PARAMETER(AROT=21295)
COMMCN/FACTZFC2,30,30),Y(9,30,2),6¢(5,3C),
1 8¢9,3C),06(9,30)
COMMCN/P ITRWC6,30,30),P1(6,KROT),P2CE,NROT),
1 PIINT(6,NRCT),FINT(6,NROT)
COMMON/C JQT1CELNROT),C2¢C6,NCT),
1 QIINTCE/NRCTI,C2INT(6,ANROT)
COMMON/E JR1ICELNROTILR2CE,NRCTILRIINT(6,NROT),

1 RZINT(C&NRCT)’FINY(6:1COOC):FIN(1CCOC)1FINX(1CCCO)
COMMCN/TEMP/TV,TR
COMMCN/INPUT/NTITLE,IFDIS,IBRANCH, WM IN/WMAX,RRES,

1 XTV/XTR,IFDONE,IFOEF, IMIN, iMAX, IENVH,ENVHT,V,

2 XF,TK,GAMNA2
SOMMCN/INDEX/NF,NF1,NF2,NT,ND,ND1
COFPCNIFEAKIXPEIK(Ct!ﬂr!ﬂ)tYPElK(613Cr!C’IFCN(1CCOC)
CHARACTER*LC ATITLE

NCRMALIZED CGAUSSIAN

[a W a Nal

RETURN
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END
SUBROUTINE QUTPLT
PARAMETER(AROT=125)
COMMCN/FACT/F(2,30,30),Y(9,30,2),6G(5,30),
1 8(9,3C),0G6(9,30)
COMMCN/P JTRWNC(6,20,30),P1C6,FROT)ILP2CELNRCTD,
1 PIINTC(E6,NROTIL,F2INT(6,NROT?
COMMCN/S 7Q1CE,NROT),C2CE,NRCT) »
1 QIINTC(E,NROT),C2INT(6,NROT)
COMMCN/R JTRICEINROT)LR2CELNRCTILRTIINTIE,NROT),
1 R2INTC(ESNRCT)LFINTC6,1C0CCI), FINCICCCCI,FINXCICCOQ)
COMMCN/TEMP/TV, TR
COMMCN/ INPUT/NTITLELIFOIS,IERANCH WNIN/WMAX,RRES,
1 XTIVoXTR,IFOCNELIFDEF,IPIN,INMAXL,TENVH,ENVHTILV,
2 XM,TK,CGAMPMAZ
COMMON/INDEX/NF/NFT1,NF2/NT,ND,ND1
COMMON/PEAK/XPEAK(E,30,3C),YPEAKC6,20,2C), FCH(CICO0C)
COMMEN/WGHY Z/WGHTY (3C,30) NVIE,IFEXCIT
COFMMCN/CNTR/CNTE(3,30,3C),IFCENTR
COMMCN/EXPCAT/IFDATAL,WAVEC2C,1C30),SPECC20,103C), wAV(2CCCO),
1 SFC20CCOY,WW(C2COCC),SPW(2CCO0),WDAT(2C),SENC2CI,ICCUNT,TINMAX,
¢ INMAX,EKGRND,SLOPE
COMMCN/FERT/IFFERT,TRP,IFPLE,VAR,VART,VARZ
DIMENSICN FINY(10CCO), YMAXX(30,3C)
CHARACTER«4LC ATITLE

C
C
CALL ASSIGN(7,°CUTFUT.SPEC®)
c
c WRITE INPUY FILE FOR CONTINUATION RUAS
C

CALL ASSIGN(2,°INPUT.DAT®)
WRITECZ,*) WMIN,WMAX,RRES,XTV,XTR
WRITE(Z2,35) NTITLE

35 FORMAT(A3C)
WRITECZ,*) IFDIS,IERANCH,ENVHI,TK,XP,GAVMAZ
WRITEC(Z,*) IFEXCIT,IFCENTR
CALL CLCSE(2)

NORMALIZE INTENSITY

g N aNal

YMAX=C.
YMIN=1.E20
LMN= IMAX~IFIN
LMAN=LFN=24TENVFH

< DC 10 I=1,LMNN
00 1C I=IEANVH,LON-IENVH
YMAX=MAXCFINCI),YMAX)
YMIN=MINCFINCID,YMIN)

10 CONTINLE

YMZYNMAX
11=0
WMEN=WNIN-ENVHT

C 0C 2C I=1,LMNA
00 20 I=IENVH,LPN-1ENVH
11=11+1
FINXCII)=WMENSFLOAT(I-1)4RRES
FINYCII)=FINCI)/YMAX
WRITE(7,%) FIN!(II)(FINV(I!)
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C
C
C

(s N aNaNal

[aNal

20

200

CONTINLE
NORPALIZE PEAK IANTENSITIES

D0 25 AN=T1,AT

DO 24 1=1,NF1

00 23 IP=1,NF2

YPEAK(N I/ IFYSYFEAK(N,I,IP)/ZYMAX
CONTINLE

CONTINLE

CONTINUE

YMIN=YNMIN/YFAX

YMAX=1,

FLOT THE INTENSITY SPECTRUM AS A FUNCTION OF WAVELENGTH IN
ANGSTROMS USING CISSPLA.

TTV=TV/.695
TTR=TR/.695
XLWwAV=WMIN-ENVET
XLWAVI=WMAX+ENVHI
XLWAV=WMIN
XLWAVI=WMAY
CALL PRGE(11,8.5)
CALL AREA2C(10,€¢.5)
NCHAR=INDEX(NTITLE,' ")
CALL HEADIN(CXREF(NTITLE),NCHAR,Z2.,1)
CALL XMNAMEC*WAVELEANGTH C(ANGSTRCMS)S',1C0)
CALL YNAMEC*NORMALIZED INTEANSITYS',100)
CALL GRAF(XLWAV,*SCALE' ,XLWAVI,YMIN,*SCALE ,YMAX)
CALL MESSAGC*RCY TEMP=$',1CC,7.35,6.25)
CALL REALNC(TTR,=4,*ABUT®,*ACUT®)
CALL DASH
CALL CURVECFINX,FINY,LMNN,C)
CALL RESET(®DASHK')
WRITE(2,») ' IFDATA,IFEXCIT=',IFCATA,IFEXCIT
IFCIFEXCITLEQL.C)THEN
NvIg=12
CALL MESSAGC'VIE TEMP=%°',1CC,7.35,6.0)
CALL REALNC(TTV,=4,"ABUT','ABUT")
IFCIFCATALEQ.C) THEN
CALL MESSAG('V 1/2-1/2PCF 3/2-3/2P0FP%°,1C0,7.35,5.75)
YPOS=5.5
Co 2CC J4d=1,N\VIB
XP0S=7.35
CALL INTACCJJI=1,%XPCS,YPOS)
XPOS=XP(LS+.3125
CALL REALNOCWRGHT(1,3J),=2/XPCS,YPCS)
XPOS=XPOS+1,3
CALL REALNOCCWGHT(2,4J),~2,XPCS,YPCS)
YPOS=YPO0S-.2
CONTINUE
ELSE
CALL PESSAG('~~ SYNTHETIC SPECTRUMS',100,7.35,5.75)
CALL MESSAGC®'V 1/2-1/2PCF 3/2-3/2PCP8*,1C0,7.35,5.25)
YPCs=25.0
00 210 JJ=1,NVIB
XPCS=7.35
CALL INTACC(JJ~-1,XPOS,YPOS)
XPOS=XPOS+.3125
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[a M ol

210

27

310

127

CALL REALNOCRENT(1,0J),-2,XPCS,YPCS)
XPOS=XPOS+1.?
CALL REALNOCUWEHT(2,33),=2,XPCS,YPCS)
YPCS=zYPOS~,2
CONTINUE
IFCIFPUBL.EQ.C) THEN
CALL SETCLR(®*RED')
ENDIF
CALL MESSAG(' - EXPER. SPECTRUMS',10C,7.1%,5.%5)
CALL MARKER(15)
CALL SCLPIC(.7)
CALL CURVECWW,SPFUW,INMAX,INMAXZ71CC)
CALL CURVE(Wh,SPW,INMAX,()
WRITE(?7,%) CSEXP WAVELENGTH , EXP FHCTCN CCUNTS®
DO 27 II=1,INFAX
WRITE(7,¢) WW(II),SPW(TI)
CONTINUE
ENDIF
ENCIF
IFCIFEXCIT.EQ.1) THEN
IFC(IFCATALEQG.C) THEN
CALL MESSAG('V 1/2-172PCP 3/2-3/72PCP1',100,7.35,€.0)
YPCS=25.7%
to 3CC JJ=1,NVIB
XP0S=7.35
CALL INTACCJI-T,XPOS,YPOS)
XPOS=XPOS+.3125
CALL REALNOCWEHTC(1,30),-2,XPCS,YPCS)
XPOS=XPOS+1.2
CALL REALNCCRENT(2,30),=2,XPCS,YPCS)
YPOS=YPOS~-.2
CONTINUE
ELSE
CALL MESSAG(®-- SYNTHETIC SPECTRUMS$',100,7.35,€.C)
CALL FPESSAGC'V 1/2=-1/2PCF 3/2-3/2P0F%°,1C0,7.35,5.5)
YP0S=5.2°%
00 31C JJ=1,NVIB
XPCS=7.3%5
CALL INTACC(JIJI-1,XPOS,YPOS)
XPOS=XP0S+,.3125
CALL REALNOCLWGHT(1,J4),~2,XPCS,YPCS)
XPOS=XPOS+1.?
CALL REALKCU(WCHT(2,J0),=2,XPCS,YPCS)
YPOS=YPOS-.2
CONTINUE
IFCIFPUB.EQ.CITHEN
CALL SETCLRC(*RED')
ENDIF
CALL MESSAG(® - EXPER. SFECTRUMS®,10C,7.35,5.75)
CALL MARKER(1S5)
CALL SCLPIC(.?)
CALL CURVE(WW,SPWw,INNMAX,C)
WRITE(7,¢) “EXP WAVELENGTF ,» EXP FHOTCN CCUNTS®
D0 127 11=z1,INMAX
WRITEC(?,¢) WW(CIT),SPUW(II)
CCNTINUE
ENDIF
ENOIF
CALL HEIGHT(.CE)
CALL AANGLE(90.)
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S0
40

70
60

90
80

XN=1.74.,0073530(wWMAX-WMIN)
YN=.,02¢%
CALL SETCLRC*BLLE®)

FINC WHERE LINE TRAASITICN NUMBERS WILL CVERLAP AND ELLIFMNATE THE

CVERLAPFING NUMBERS

N=1
NN=2
DO 4C
00 SO

I=1,NF1
1P=1,NF2

IFCAESCXPEAK(N,Y,IP)-XPEAKC(ANLI/IP)) LT XN)THEN
WRITE(3,») *ABS(XP1/2-XF3/2),XNo1,1F=",R0S(XFEAK(N,T,IP)~

XPEAKC(NN,I,IP)) ,XN,1,1P

YPEAK(NN,I,IF)=YPEAK(NN,I,IF)+1C
WRITE(3,#) *YPEAK(2,1,IF)=",YPEAK(NN,I,IP)
ENDIF
CORTINLE
CONTINUE
WRITE THE NCN-QVERLAPPING NLMBERS CN THE PLCY

N=1

DC 60 I=1,NF1

DC 70 IP=1,NF¢

IFCXLWAVL.GT  XPEAK(N, I IP) . CR.OXLWAVYI LT.XPEAK(N,TI,IP))
1 €C TC 70

IFCYPEAK(N,I,IF).LY..001) GC TC 7C

IC=1-

1

IFC=IF-1
XF¥ESS=XPEAK(N,1,IF)
YFESS=1.¢YN

CALL
CALL
CALL
CALL
CALL

RLMESSC®C',1,XMESS,YMESS)
RLINT(IO, ABLT ', *ABUT")
RLMESSC(',',1,ABUT*,'ABUTY)
RLINT(IPC,"AEUT ', "ABLY ")
RLMESSC(*) 1728, 100, "ACUT , YAELUT")

CONTINLE
CONTINLE

N=2

pC 80 I=1,NF1

DC 90 IP=1,NF2

IFCXLWAVL.GY L XPEAK(A, T, IP) CR.XLWAVT . LT.XPEAK(N,I,IP))
1 €0 7C %0

IF(YPEAK(N,I,IP).LT..0C1) GC TC 90

IFCYPEAKCN,I,IP)LT.8) THEN

IC=1-~-

1

IPC=1P-1
XMESS=XPEAK(N, I, IF)
YWESS=1.¢YA

CALL
CaLL
CALL
CALL
CALL
ENCIF

RLMESSC* (', 1, XMESS,YVNESS)
RLINTCIC,*ABLT*,"ABUT®)
RLMESSC(*,*,1,%ABUT", "agUT?)
RLINTCIPC,"ARUT ', *ABLYY)
RLMESSC*) /728 ,1CC, " AEUT*,"ABLT")

COMTINLE

CONTINUE

CALL RESET('HEICHT')
CALL RESET(®ANELE'")
CALL ENDPL(-1)

RETUAN

ENC
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SUBROUTINS PLTODEV (NAMDEV)

AR AR AR R AR S AR AR AR AR AR AR AR AR A R R AR AR R AR A A AR NG AN AR A RS AR R AARR AR ARAARRAN G
"

" (DEFINE SUBROUTINE HERE 1Y)

*

RO AR R AR AR A AR AR AR AR AR RN AN R R AR A A AR AR R AR AR A AN RO ANA I I SN AN NN A RAA G R AR
"

WRITTEN EY:

FRANK J. SEILER RESEARCH LABCRATCRY
UNITED STATES AIR FORCE ACADEFY
COLORADO SPRINGS, COLCRADC £8(84C

PR RRRER AR AR ANRRA RN RA P RAAN RN R AN AR A AP ARRRANRANAARNRRARNARACA AN R ORARNAANI AN

INPUT PARAMETERS:
NAMDEV - OUTFUT DEVICE CHCSEN BY USER

AP SO P TR TOTRDEAT PN COCAERE DWW WR @Y S D@D W WD DWW S o RS L R R N R R N L R R KL R X

CHARACTER®LS ANAMDEYV
AR N AR AN AR AR R AR R R AR R A AN R AN RN R AR AR R AR AN AN AN AR AN R AR AR AR ARG RRAANRA AR ARG ANS

* LOCAL VARIABLES:

* % % % % 2 5 RO

* 1BUF -

* IERR - ERFCR ANUMBER

L e L craccrmcacassresa- ceecwma - ---
INTECGER IBUF,I,IT,1ERR
DIMENSION IBUF(16)

AR RN R R AR RAN D AR A A RN R A AN A AR AR AR RO AP AR E RN AP AN R A AR ARR IS AR AP AAAN R RN R A G
CHARACTER EELL

BELL = CHAR(?)
* TERMINAL OEVICES
IF (NAMDEV .EC. VT 240') GOvC 21CO
IF (NAMDEV .EC. "TEKTRONIX &4107%) GCTC 22CC
IF (NAMDEV .EC. °*TEKTRONIX 4C10°) GOTC 23CO
IF (NAMDEV .EC. °'VT 1C0 RETRC®) GCTO 240C
) KARDCOPY DEVICES
IF (MNAMDEV .EC. "PRINTROMNICS®') GCTC 21CO
IF (NAMDEV .EC. °*HP 7550%) GCTYO 320C
IF (NAMDEV .EQC. °*HP 7475') GCYO 3300
IF C(NAMDEV .EC. *ANY ASCII PRINTER®) cOTC 34CC
IF (NAPDEV .EC. "PCST PRCCESSOR®) GOTC 41CO
* ERROR, QUIT
60TO0 910C

T L P P PP PRI PR PRSI EL L EE L LR LA ELE L LD LR L LE R LD A X & X ]

= TERMINAL CEVICES

.---_----------------------“--------‘ ----- - Gy @ 4D en 9 @ @ o= - amemeo o
» VY 24C
2100 CONTINUE
» SET CCNFIEGURATICN 10 STANDARD I/0
IBUFC1)=C
CALL IOMGR(IELF,-102)
CALL VT240
6070 990CC
.------‘----. G D S A D W A W W L X X W N R KR R R R R R R g

* TEKTRONIX 41C?

2200 CONTIMUE




* SET CCNFICURATION 10O STANDARD I/0
I8UF(1)=C
CALL IOMCRCIEBLF,-102)
CALL TK&T1 (41C7)
® FLOT CRIENTATION - ALTO : ALTO ACCORCING YO PLT SIZE
* CCMIC: X AXIS HORIZOMNTAL
* MCVIE: Y AXIS HORIZONTAL
C CALL KWRCY(C'CCMICY)
6CTO0 $9CCC
o amwm - D A AP AR S R P T R W P AN W A AN e Ay ek R g DL M A M YR TR W W SR A @ W W -

* TEKTRONIX 4C1C

2300 CONTINMNUE
CALL P401C
GOTQ S°CCC
R X X R R I R R R E I R A R R ) —oeee- LR L LX) coacaae

* VT 3102 wWITH CRAPKICS RETQ(CFIT

240°C CCNTINUE
* SET CCONTIGURATICN TQO STANDARE 1I/C
* I8UF(1)=C
CALL IOMZRCIELF,-1C2)
CALL FLEVTY
S0T0 §$93CC
T L L T T T TRy P L [ ceemeccscemecvoee= -
*
2500 CONTINUE
€0T0 $90CT
ferrccoe o ess o= P R e R s cee=
*

260C CONTINUE
GOTO0 990CC

C L R X R _E R X 3 X X N 3 BB B ESBEE oo - E PSS DTS G E e .S o a B ap W W W e a

-

2700 CONTINUE

GCTO $90CC
P L R R X R R T R T X L E X L KR E K E R X 4 W RSO OHE R EE RSB @D RS S S
* HARDCCPY CEVICES
'EIL R R PP L L LE L L ERE R L XL R L2 ] PR R YRR Y XX R LR XX X1

¢ PRINTRCNICS
310C CONTINUE
CALL PPNINX

GOTO0 §9CCC

P L LY R P L PR LR ELEXE L LR EL I X4 X r L Y L ERLEERERERE Y LR X2 X
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* HP 7550

3200

CONTINUE

= SET CCNFICURATICN 70 SPOOL

» »

»

322¢C

3240

IBUF(1)=5
CALL IOMCRCIELF,=-102)

SET FILE CPEM MCCE

3 = NC CVERWRITE, CREATES NEW VERSICN NUMBER
C - APFEND 7O FILE

IBUF(1)=2

CALL ICMGRCIELF,-1C&)

SET PLOTY FILE NANME

0O 3220 11=1,1%
IBUF(ITI)=C
CONTINUE

PRINT *Cr/7/717)¢
CONTINUE
FRINT !(l 's.'l
¢ ENTER PLOT FILE NAME OR Q@ YO QUIT: *',A)°*, BELL
READ(S, "(14A4)°*, ERR=93CC) (IBUF(II), II=1, 14)

C IF (IBUF(1) .EQ. )

CALL IOMGR(CIBLF,-1C3)

CALL KP?S50 (1)

. FLOT CRIENTATION -~ ALTO : ALUTYO ACCORDINE TO PLT SIZE
. CCMIC: X AXIS HORIIONTAL

* MCVIE: Y AXIS HORIZOMNTAL

o CALL HWRCT('NCVIE')

GCTOo 99CCC
.--------------‘-------------------------‘--. ....... - e W a5 es e
*  HP 7475
330C CONTINUE

= SET CCNFIGURATICN 10 SPOOL

» »

»

3320

3340

IBUF(1) =S
CALL ICMGR(IELF,-1C2)

SET FILE CPEN MCCE

3 = NC CVERWRITE, CREATES NEW VERSION ANLMBER
0 - APFEND YO FILE

1BUF(1)=2

CALL IOMGR(IELF,-1CQ)

SET PLOT FILE MNAME

CC 3220 11=1,16
IBUF(II)=C
CCNTINUE

PRINY *C/77117)°
CONTINUE
PRINT *(*°'s"*°,
' ENTER PLOT FILE AAME: '*,A)*, BELL
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READ(S, *(14A4)"', CRR=94CC) (ISUF(II), II=1, 14)
CALL ICMGRCIELF,=103)

CALL NWP7475 (1)

* FLOT ORIENTATICN = AUTO = ALTC ACCCROINE TO PLY SIZIE
. COMIC: X AXIS HORIZONTAL
" FOVIE: Y AXIS HORIZONTAL
C CALL KWRCT('NMCVIE')
GOTO §3CCC
[ R X R st deeddndbetie ittt idadbedidatedbettndh el R X - - - -

. ANY ASCII PRINTER
3400 CONTINUE
CALL FPRTPL

GCTC $90CC

4100 CCNTINUE

CALL COMPRS

GCT0 $9CCC
A P e e cc e e Cre T C TS P T Er - N A AT T E N C R TR R TR e T e oo e cowceee
- ERRAR HAANDLING AANRRANRR AR AARRARANRARNRAARRAEREARC AN AR AN
* DEVICE SELECYION ERRLR  <e==-=w=me-on<c-- —--
9100 PRINT *(**0°°,
+ 21X, *' a2« ERROR IN PLCT DEVICE SELECTION weant®?,
+ R, ks, A)', BELL, SELL, BELL
STYOP
. HP 7S50 FILE NAME ERRQP ~-+==eccw-rccwccc--
930C PRINY *(**0Q°*,
+ 21X, ' axx ERROR IN FILE NANME »wa'l, a2, /,
+ 21%, *° PRESS RETURN'', 4, A)*, EBELL, BELL, EELL
READ(S, *(I1)°*, IOSTAT=IERR) I
GCTO 3240
* hP 7475 FILE ANAME ERROR ---=vemeccceccc==s
9400 FRINT *(*'°C'*,
+ 21X, %% anx ERRCR IN FILE NAME weet®', 2, /,
+ 21X, *°* FRESS RETURN®®, A, A)', EELL, BELL, BELL
READ(S5, *'(11)°*, 10STAT=1ERR) I
GOTC 3I34C

9900C CONTINUE
RETURN
END

C

R nInInInmnmnmmnmInInImnmIIIImnmmmIInIrrrr I T
SUBRCUTINE LCADFIL

C

C THIS LCACS TKE OF2 FILES THAT INCLUDE WAVELENGTH INFCRMATION
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IT ALSC FLACES THE WAVELENGTH ANC CORRESPCNDING INTENSITY DATA
IN FILES TO EE MANIPULATED IN SUBROUTINE SPLICE. IT IS ASSUNED
THAT THE CMA FILES TC BE PLOTTED ARE PRESENT IN THE LCCAL FILE
SPACE ANC LISTED IN FILE FILEL.CNA.

COMMCN/EXPCAT/IFDATA,WAVEC2C,1C30),SPEC(20,103C),WAV(2CCQ0),
1 SFC20CCO0),WW(2CO00C),SPWC2CCCO) ,WDAT(2C),SENC2C),ICOUNT, IINMAX,
2 INMAX,BKGRND,SLOPE
COMMCN/COF/ACOF(20,50)
CHARACTER~6 SFOTANO, SFC
CHARACTER*4 EMND
CHARACTER~10 SNOCAT,FILES
CHARACTER®2C CDUMMYS,COUMYY

pUrMMY=0
ICOUNT=0
FILES="FILE.CNFA"
CALL ASSIGNC4,FILES)
WRITE(S,%) °LCADING FILES (NAMED IN FILEL.CMA):®
po 1CC 1=1.,2C
READ(L,1C1,END=9) SHCTNC
TCOUNT=ICOUNT +1
WRITE(6,*) 1,% FILE= *,SHCTNC
INUM=]
101 FCRMATY (A6)
END=' . CMA®
SNODAT=SKOTNO//END
CALL ASSIGN(2,SNCDAT)
READ(2,1C2) Ctumv1
102 FORMAT(ATS)
cC 1C 11=1,3
READ(2,1C3) CCumYy?
163 FORMAT(ATY)
10 CCNTINUE
pC 2CC J=1,1024
PEADCC,*,END=2C1) SPEC(I,J)
200 CONTINUE
201 CCNTINUE
READ(Z,1C2) CCUMY?
£e 2C II1=1,3
READ(2,1C3) CCUMY?2
20 CCNTINUE
tC 21C J=1,40
READC(Z,%,END=211) ACCF(I,J)
210 CCNTINUE
211 CCNTINUVE
CALL CLOSEC(2)
WRITE(3,%) *EXP WAVE LEN , EXP PHOTCA CCUNT®
CC 220 J=1,10¢4
WAVECILJ)=ACCFCI,36)4ACOFCTIL37I*(FLOAT(J)=1.)
WRITE(3,%) WAVE(I,J),SPEC(I,J)
c20 CONTINUE

100 CCNTINUE
9 CONTINUE
CALL CLOSE(4)
RETURN
END

SUBRCUTINE SPLICE

7 — . |
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aNaNalaNal

[a N a N

THIS SUBRCUTINE SPLICES TOGETHER CMA FILES. IT IS ASSUMEC

THAT THE CATA FILES OVERLAP EACH CTHER AND THAT THEY ARE

NAMED IN FILE FILE.CMA, IT IS ALSO ASSUMEC THAT TFKE FIRSTY FILE
NAMED CORFESPCNDS TO THE SHORTEST WAVELENGTH AND SC ON.

COMMCN/EXPCAT/IFDATA,WAVE(Z2C,1C30),SPECC20,103C), WAV (2CC00).,
1 SPC20CCO),WW(2CCCC),SPW(2CCO0Y,WDAT(2C), SENC2CY,TCCUNY,TINAX,
2 INMAX,BKGAND,SLOPE

COFMCN/ICOF/ACCF(20,50)

DC 20 I=1,ICCUAT

IFCI.EQ.T) THEN

1C=1

X=ACCFC1,26)

ELSE
IC=ICCLO-INT((WMAXOLD=-ACCF(I,34))/7DXCLD)
X=X=(WMAXCLD-ACOF(I,36))

ENDIF

WRITE(3,%) "ACOF(I,36)=',ACOF(I,26),ACOF(TI,1?)=",ACCF(I,37)
WRITE(3, %) 'IC X WMAXCLD,ICOLD,OXCLD=",1ICh X, ANMAXCLOD,ICOLE,

1 pxoLe

DC 30 11=1,1024

WAV(IC)=X

SPCICI=MAX(SF(IC),SPECCI,IT))
X=X+ACOF(Y,37)

1C=1C+1

310 CCNTINLE

WMAXCLD=X-ACCF(I,37)

I¢oLC=IC~1

CXCLEC=ACCF(I,27)

20 CONTINUC

IIrAX=ICCLD
END
SUBROLTINE WEIGHT(WMIN,WMAX)

THIS RCUTINE WEIGHTS THE SPECTRAL COUNTS WITH THE INVERSE OF
THE CMA SENSITIVITY. IT ALSC NORMALIZES THE EXPERIVENTAL SPECTRA
ANT LOADS THE FINAL FLOTYING ARRAYS.

CCMMCN/EXPCAT/IFDATA,WAVE(2C,1C20),SPECC20,103C),WwAV(2CCQ0)»
1 SPC20CCCY wW(SCOCC),SPW(2CCO00)»WOAT(2C),SENC2CI,ICCUNT,ITINMAX,
2 INMAX,BKGEND,SLOPE
DATA MWCAT / 25Cer2€0er2704,280.,29Car3CCar320.,350.,37C.,4CC.»
1 450¢+,500e,550.,600.,65C.,7CC.r?50.,800.,90C.,1C00/
D.T‘ SEN I 2.5913.1613.32:4.26'5-22".205-5315.55'5.C"6.1l
1 Bacbsr11e73717481,2927049.7,57.03,117.,237.,512.7,
1 787.977
DATA SEN / 089765764 0a0reb3b4sab72sa755+,.656,1.C6,.972,1.CC,
1 1625010960295+ 4e53/,8eCr%.5,19.364,37.92,1C28,1666/

WWFIN=WMIN/10.

WWPAXZWFAX/10.

11=0

SPUMAX=1E~-2C

WRITE(,e) *IIFPAXNZ',IIMAX

00 100 I=1,1IIMAX

WRITEC(3,*) "WuPFIN, WWMAY,WAV=',WUMIN, WoFAX, WAV (])
IFCWAVCI) LT .WhMINLOR.WAV(I) . GT . WWFAX) €0TC 11C
J=C

11=11+1

IF(U‘V(I)-LY.HD‘T(1)) THEN

44




WIsSEN(T)

ELSE IF(WAV(I).LT.WDAT(2)) THEN

d=2

WY=SENCI-1)+(WAV(I)~WDAT(JI=1)In(SERCI)-SENCSI-T1))/
1 (WDATCJII=WEAT(I-1))

ELSE IFCWAV(ID.LTLWDAT(3)) THEN

J=3

WI=SENCI=1) ¢ (WAVCI)-WOAT(J=1) )2 (SENCII-SENCI=1))/
1 (WDAT(JI=-WDAT(I-1))

ELSE IFCWAV(I).LT.WDAT(4)) THEN

J=4

WTI=SEN(I=1)¢CuAVI)~WOAT(S=1)IC(SENCJI-SENCI=T1D)/
1 (WOAT(JI=WDAT(SI=1))

ELSE IF(WAV(IY.LT.WDAT(S)) THEN

d=5

WISSEN(I=T)+(RAVCI)~WDAT(JI=1)I(SENCII-SENCI~-1))/
1 (WECATCI)=WOAT(I=-1)

ELSE IF(WAVC(ID.LT.WDATC(E)) THEN

d=6

WI=SENC(I=1)+(uAVCI)-WDATLI=1) )2 (SENCJI-SENCI-1))/
1 (WCATCII-WEATCI=1))

ELSE JF(WAVC(I).LT.WDAT(?7)) THEN

=7

WTI=SENCI=T1)+(uAV(I)-WDAT(J=1))e(SENCII-SENCI-1))/
1 (WEATC(I)-WDAT(I-1))

ELSE IF(WAV(I).LTLWDAT(B)) THENM

J=8

WYZSENCI=1)+(WAVII)-WOAT(J-1))2(SENCJ)-SENCI=T1))/
1 (WEATCII-u0AT(S-1))

ELSE IF(WAV(I).LT.WDAT(S)) THEN

=9

WT=SENCI=T1) ¢ (WAV(I)=WDATCI-T))*(SENCII-SENCI=1))/
1 (WOATCJI)I-WDAT(I-1))

ELSE IFCWAV(I).LT.WDAT(10)) THEN

J=10

WI=SEN(I=1)+(AVIT)~WDAT(JI=1))2(SENCII-SENCI~1))/
1 (WCAT(J)-WDAT(I-1))

ELSE IFCWAV(ID.LT.WDATC11)) THEN

J=11

WISSEN(JI=1)+(hAV(I)-WDAT(J=-1)I2(SENCII-SENCI~1))/
1 (WOATCII-WDAT(I=1))

ELSE IFCWAVC(I).LT.WDAT(I2)) THEN

J=12

WT=SENCI=1)+(LAV(II=WDAT(JI=1)I2(SENCII-SENCI~1))/
1 (WDAT(JI-WDATLI=1))

ELSE IFCWAVCID . LT.WDATC(13)) THEN

4=13

WI=SEN(I=1)+(AV(I)=WDAT(J=1))2C(SENCJI-SENCI-1))/
1 CWCATCI)-WCAT(J=1))

ELSE IFCWAVC(I)LLT.WOATC(14)) THEN

J=14

WT=SENCI=1)#(LAV(I)-WDAT(J=1))a(SEXCI)-SENCI-1))/
1 (WOAT(J)-WDAT(J~1))

ELSE IFCWAVIID.LT.MDAT(1S)) THEN

J=15

WT=SEN(I=1)*(RAVCII-WOAT(I=1))aCSENCII=-SENCI=-1))/
1 CHCAT(J)-W0AT(I=1))

ELSE IFCWAV(I).LT.MOAT(16)) THEM

J=16

WI=SENC(I=1)¢(WAV(I)-WDAT(J=1) )0 (SEXKCJII-SENCI-T))/

45




1 (WDAT(J)-WDAT(J-1))
ELSE TF(WAV(I).LT.WDATC17)) THEN
J=17
WISSENCI=T)+(RAV(I)-WOAT(J~-1))a(SENCII-SENCI-1))/
1 (WCAT(J)-WECAT(I-1))
ELSE IF(WAV(I).LT.WDAT(18)) THEN
J=18
WT=SENCI=1)+(LAV(I)-UDAT(J-T1))2(SENCJ)-SENCI=-1))/
1 (WEAT(JI)=WORTCI-TD)
ELSE IF(WAV(I).LT.WDAT(19)) THEN
J=16
 OWT=SEN(I=1)+(RAV(I)=WDAT(JI-=1))n(SENCJII-SENCI=1))/
1 (WCAT () -WEATLI-1))
ELSE IF(WAV(I).LT.WDATC(20)) THEN
J=20
WYSSEM(I=1)+(nAV(I)=WDAT(J-1))2(SENCJ)-SENCI=-1))/
1 (WCAT(J)=WCAT(J-1))
ELSE IF(WAV(I).CT.WDAT(20)) THEN
WT=SENC20)
ENDIF
C SHIFYT EXP. SPECTRA 70 LEFT EY & ANCGSTRCMS CLE €EXP, CAL. ERRCR
Wl (II)=WAV(I)*1(C, ~€
SPW{II)=SPUl)euT-C(EKGRNL*SLCPE*(WWL(II)~wMIN))
SPW(II)=SF(I)*WT
ELLIMINATE Nk PEAX FFQOM DATA NCRFALIZATICA--CR OTFHER PEAKS IFf
¢ SC DESIRECD.
IF(334SalTaWW(II)aANDQa337SaCTaw(II)
1 eCRaS525CaLT.WW(II)ANDL.SILC.GT.WW(ITI)) THEN
C DC NOTHING
ELSE
SPuMAX=FAX(SPW(II),SPWMAX)
ENDIF
110 CONTINUE
100 CONTINUE
INFAX=11
WRITE(Y,%) 'INMAX=',INMAX
C NORMALIZE THE EXPERIMENTAL SPECTRA TC THE HIGHEST NON-
C EXCLUDED PEAK
D0 2CQ I=1,INMAX
SPU(I)=SPW(I)/SFUMAX
C WRITE(2,%) *Wh,SPW=*, Wa(I),SPA(I)
200 CONTINULE
C CHOP CFF UNWANTEC LINES EXTENDING OUTSIDE OF THE FLOTYTINE
C AREA
00 21C I=1,INMAX
IF(SPW(I).CT.1.01)8PW(T)=1.
21C CONTINLE
RETURN
ENC

laNal




2 7

-C028
«0137
«(357
«C65¢
«C952
«1164
« 1249
«C031
«C153
«C395
«C717
«1027
«123¢
«13CC

1C
.0¢58
<1121
«1c38
«0551
.0484
0119
«0211
«117¢6
«1253
.0508
«0413
.0C72

2

<0637
<1326
«117¢
«C458
.0015
«C143

«C49¢

«C676
<1372
<1151
.C392
«C002
-C20¢
.0572

<1315
« 1365
.CIC2
«0C48
.0517
«0€95
<0343
«13¢€9
<1242
«0CE4
.CECS
«0¢€79
.C27C

«1908
.0608
.C0?72
.0738
« 0043
.0136
« 1944
«0546
011
.0784
«C501
«0014
«02Cé6

«2C65
.0C13
.07¢81
.CE557
3.€E=5
.0412
«0553
«2C¢€1
.0CC2
.0837
0463
.0C11

. 1727
«C244
.085¢
4.E~-S
«C0554
«C467
.C00S
«1691
«0407
.C85S
.C003
«C614
«C4cCC
SeE~S

<1142
<1171
«C212
.0511
<0523
.0CCé6
«.04¢€6
«1C%6
«1235
-C159
.05¢85
«C45¢€
.0C1
.05¢2

«C297

«0259
1375
.081?7
<0245
.0%13
.0283
«0C76
«1333
.06C2
.0191
.0560
.03C4
.014Q

.C605
<1606
.CO7¢
<0846
J.E-S

-0564

«C57C
<1612
-0116
-.C82C
.COCS
.C61?
.C21$%

Franck-Condon Factors FRANK.CON)

1.5951 1.6164 1.6383
1.5811 1.6C15 1.€230

1.567¢
1.5544
1.5417
1.5293
1.5172
1.588¢
1.5744
1.56C¢
1.5472
1.53642
1.5215
1.5091

1.5877
1.574C
1.56C¢
1.5472
1.5331
1.61C2
1.595¢
1.581¢
1.5672
1.553¢
1.540C
1.5252

1.€6080
1.5930
1.5699
1.5715
1.5567
1.€322
1.6168
1.6C17
1.5364
1.5473
1.5¢36
1.5492

1.6607
1.6444
1.6273
1.6229
1.56C30
1.5882
1.5736
1.6548
1.6184
1.6¢09
1.5145
1.5563
1.5214
1.5€65

1.6837
1.66%56
1.65€8
1.6375
1.6216
1.60CS
1.5997
1.678C
1.656¢
1.6512
1.631¢
1.6151
1.5881
1.5918

R-centroids (File:
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1.7074
1.671¢
1.675¢
1.6575
1.7599
1.631¢
1.6155
1.701¢
1.646C
1.669¢7
1.6512
1.6576
1.6251
1.6088

1.7220
1.718%
1.€672
1.5644
1.6€79
1.64938
1.6C72
1.7265
1.7126
1.6614
1.7186
1.6€16
1.6432
1.7C29

RCENTROID.DAT)

1.7410
1.7410
1.71¢9
1.7C78
1.6872
1.7C¢0
1.6¢C1
1.741C
1.7287
1.71C3
1.7C17
1.68C9
1.6818
1.65%4

1.741C
1.741C
1.741C
1.725C
1.52¢¢8
1.6977
1.6771
1.741C
1.741C
1.741C
1.721
1.7485
1.6912
1.67CC

1.741C
1.741C
1.741C
1.741C
1.739¢
1.7164
1.713¢
1.741C
1.741C
T.761C
1.7461C
1.733¢
1.7097
1.7048




4 1

0. .7€9602
1218.7 -.00€7?
"?- 28 Oo

30294.9 «5562
797.31 -.00C48

-3.72 C.

221.5 a77515¢
1218.20 -.0Cé3
~7.28 Oe

3¢384.1 <6013
798.78 ~.0C46
-%.59 C.

Dunham Coefficients (File: DUNHAM.COF)

4

«313 110 .1CC .Cé6 .C424 .00C0625 .0CCOOZ
«188 066 .06C .C360 .0254 .CL003750¢ .0CCCO02

Vibrational Population Wéights (File: POPLTN.WT)

§3003C
3203C
3403C
3603C
31803C
40030
4203C
4403C
46030
48030
$C030
52030

List of Experimentzl OMA Files (File: FILE.OMA)

48




40€0-000 420C.00C 1.c0C00C 12€C.CCO 45C.00C0
$(B->X) SPECTRUM AT 1 TORR .
0 1 20c.00CC 0.00CCO0CE+0C 0.COOCCOOE+CO
1.0000€0
1 1

Input File Generated by Code (File: INPUT.DAT)
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